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ABSTRACT

This report provides a statistical characterization of en route &nd
terminal Minimum Safe Altitude Warning (MSAW) encounter situations. The
characteristics were obtained by analyzing recorded Federal Aviation
Administration (FAA) field data for MSAW encounters that occurred in
Albuquerque, Fort Worth, and New York en route airspace and Houston, Los
Angeles, and New York terminal airspace. Encounter parameters discussed
in this report include aircraft velocity and track stabiiity, position
relative to the protected airspace, and position relative to the radar
site. This information is intended for use by the FAA's Advanced
Automation System (AAS) Acquisition Phase Contractor to generate scenarios
representative of realistic aircraft-to-airspace encounters that will be
used for performance analysis of the AAS MSAW functiom.

Suggested Keywords: Separation Assurance, Conflict Scenarios,
Protected Airspace, EMSAW, NAS, AAS Requirements.
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PREFACE

This document has been developed in support of the Acquisition Phase
Request for Proposals for the Advanced Automation System (AAS). This
report is highly specialized and readers are assumed to be familiar with
the System Level Specification of the AAS. Readers not familiar with the
AAS System Level Specification or the NAS MSAW function are urged to
review the documents referenced in this report.

Preceding Page Blank



ACKNOWLEDGEMENTS

The authors wish to acknowledge the contributions of numerous MITRE
staff members who assisted in the development of this report. Our under-
standing of the en route/terminal MSAW algorithms and data collection
process would not have been complete without technical guidance from Paul
Ostwald, Roland Lejeune, Randy McGuire, Larry Newman, and James DeArmon.
The authors also wish to thank William Roberts, David Edwards, and Leon
Wishert for their technical assistance in the laborious task of collecting
and formatting the aircraft-to-airspace warning messages. We would also
like to thank Dr. Bradley Hargroves for his most helpful peer review.
Finally, the authors wish to thank Tina Jolley, Judy Bradley, and Elva
Markle for their patience and skill in typing this document.

PROTECTED UNDER INTERNATION.

ﬁk%_glﬁ:{?é?ESERVED AL COPYRIGHT
CHNICAL INFORMATION S

U.S. DEPARTMENT OF COMMERCE ERVICE

[ Reproduced from
best available copy.

vii

Preceding Page Blank



TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

EXECUTIVE SUMMARY

1.0 INTRODUCTION

1.1 Report Objective

1.2 Approach

1.3 Report Organization

2.0 BACKGROUND

2.1 Description of Current MSAW Functions

.1.1 En Route MSAW
.1.2 Terminal MSAW

2.2 AAS MSAW Functional Overview

2.3 AAS AP SLS Performance Requirements
3.0 EN ROUTE MSAW ENCOUNTERS

3.1 En Route Data Collection

3.2 En Route Encounter Characteristics
3.2.1 Aircraft Motion

3.2.1.1 Ground Speed (GRNDSPD)
3.2.1.2 Altitude Change Rate (ZDOT)

.

3.2.2 Aircraft Position and Direction

3.2.2.1 Distance to Vertical Entry (DVIN)
3.2.2.2 Distance to Lateral Entry (DLIN)
3.2.2.3 Distance Traveled While Laterally in EMSAW Area

(DELTALIN)
3.2.2.4 EMSAW Area Approach Pattern (APPROACH)

ix

Preceding Page Blank

xxi

®xXx1

1-1

1-1



3.2.3

3.2.4

TABLE OF CONTENTS (Continued)

3.2.2.5 Lateral Crossing Angle (XANGLE)
3.2.2.6 Lateral Span (LATSPAN)
3.2.2.7 Critical Lateral Angle (CRANGLE)

Aircraft Stability

1 Heading Stability (HDGSTAB)
2 Speed Stability (SPDSTAB)

.3 Vertical Stability (VRTSTAB)
4 Overall Stability (STAB)

Environment

1 Minimum Warning Altitude (MWA)

2 Distance from Radar (RDIS)

.3 Bearing from Radar (RBEAR)

4 Angle from Radial Heading (RANGLE)

4.0 Terminal MSAW Encounters

4,1 Terminal Data Collection

4.2 Terminal Area Encounter Characteristics

4.2.1

4.2.2

4.2.3

Aircraft Motion

Ground Speed (TGRNDSPD)

4,2.1.1
4,2.1.2 Altitude Change Rate (ZDOT)

2.
.2.
Aircraft Position

4.2.2.1 Distance to Vertical Entry (TDVIN)
4.2.2.2 Minimum Warning Altitude (TMWA)
4.2.2.3 Distance from Radar (TRDIS)
4,2.2.4 Bearing from Radar (TRBEAR)
4,2.2.5

Aircraft Stability

Heading Stability (THDGSTAB)

4.2.3.1
4,2.3.2 Vertical Stability (TVRTSTAB)
4.2.3.3 Overall Stability (TSTAB)

Angle from Radial Heading (TRANGLE)



TABLE OF CONTENTS (Concluded)

5.0 DATA LIMITATIONS

6.0 PERFORMANCE MEASUREMENT
APPENDIX A: FREQUENCY DISTRIBUTIONS
APPENDIX B: CUMULATIVE DISTRIBUTIONS
APPENDIX C: CORRELATION COEFFICIENTS
APPENDIX D: MSAW ENCOUNTER DATA BASE
GLOSSARY

REFERENCES

xi

GL-1

RE-1



Figure

LIST OF FIGURES

Number

3-1

3-2

A-10

A-11

A-12

A-13

EMSAW APPROACH CASES

EMSAW PARAMETER DEFINITIONS
AIRCRAFT/RADAR ORIENTATION
RANGLE DEFINITION

EMSAW ENCOUNTER CHARACTERISTICS
EMSAW ENCOUNTER CHARACTERISTICS
EMSAW ENCOUNTER CHARACTERISTICS

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: GROUND SPEED '

EMSAW ENCOUNTER CHARACTERISTICS
CHANGE RATE

EMSAW ENCOUNTER CHARACTERISTICS
CHANGE RATE

EMSAW ENCOUNTER CHARACTERISTICS
CHANGE RATE

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: ALTITUDE CHANGE RAIE

EMSAW ENCOUNTER CHARACTERISTICS
VERTICAL ENTRY

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

ZAB: GROUND SPEED
ZFW: GROUND SPEED
ZNY: GROUND SPEED

ZAB, ZFW, AND ZNY

ZAB: ALTITUDE

ZFW: ALTITUDE

ZNY: ALTITUDE

ZAB, ZFW, AND ZNY

ZAB: DISTANCE TO

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: DISTANCE TO

VERTICAL ENTRY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: DISTANCE TO

VERTICAL ENTRY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY
COMBINED: DISTANCE TO VERTICAL ENIRY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: DISTANCE TO

LATERAL ENTRY

xiii

Preceding Page Blank

A-10

A-11

A-12

A-13

A-14



LIST OF FIGURES (Continued)

Figure Number

A-14

A-15

A-16

A-17

A-18

A-19

A-20

A-21

A-22

A-23

A-24

4A-25

A-26

A-27

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: DISTANCE

TO LATERAL ENIRY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: DISTANCE

TO LATERAL ENTRY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND
ZNY COMBINED: DISTANCE TO LATERAL ENTRY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: DISTANCE

BETWEEN LATERAL ENTRY AND LATERAL EXIT

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: DISTANCE

BETWEEN LATERAL ENTRY AND LATERAL EXIT

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: DISTANCE

BETWEEN LATERAL ENTRY AND LATERAL EXIT

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND
ZNY COMBINED: DISTANCE BETWEEN LATERAL ENTRY AND
LATERAL EXIT

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: EMSAW
APPROACH PATTERN

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: EMSAW
APPROACH PATTERN

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: EMSAW
APPROACH PATTERN

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND
ZNY COMBINED: EMSAW APPROACH PATTERN

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: LATERAL
CROSSING ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: LATERAL
CROSSING ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: LATERAL
CROSSING ANGLE

xiv

A-16

A-17

A-18

A-19

A-20

A-21

A-22

A-23

A-24

A-25

A-26

A-27

A-28



LIST OF FIGURES (Continued)

Figure Number

A-28

A-29

A-30

A-31

A-32

A-33

A-34

A-35

A-36

A-37

A-38

A-39

A-40

A-41

A-42

EMSAW ENCOUNTER CHARACTERISTICS FOR
AND ZNY COMBINED: LATERAL CROSSING

EMSAW ENCOUNTER CHARACTERISTICS FOR
EMSAW ENCOUNTER CHARACTERISTICS FOR
EMSAW ENCOUNTER CHARACTERISTICS FOR

EMSAW ENCOUNTER CHARACTERISTICS FOR
ZNY COMBINED: LATERAL SPAN

EMSAW ENCOUNTER CHARACTERISTICS FOR
LATERAL ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR
LATERAL ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR
LATERAL ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR
COMBINED: CRITICAL LATERAL ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR
STABILITY

EMSAW ENCOUNTER CEARACTERISTICS FOR
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR
ZNY COMBINED: HEADING STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR
STABILITY '

ZAB, ZFW,
ANGLE

ZAB: LATERAL SPAN
ZFW: LATERAL SPAN
ZNY: LATERAL SPAN

ZAB, ZFW, AND

ZAB: CRITICAL

ZFW: CRITICAL

ZNY: CRITICAL

ZAB, ZFW, AND ZNY

ZAB: HEADING

ZFW: HEADING

ZINY: HEADING

ZAB, ZFW, AND

ZAB: GROUNDSPEED

ZFW: GROUNDSPEED

A-29

A-30

A-31

A-32

A-33

A-34

A-35

A-36

A-37

A-38

A-39

A-40

A-41

A=42

A=43



LIST OF FIGURES (Ccntinued)

Figure Number

A-43

A-b4

A-45

A-46

A-47

A-48

A-49

A-50

A-51

A-52

A~53

A-54

A-55

A-56

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: CGROUNDSPEED
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW,
AND ZNY COMBINED: GROUNDSPEED STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: VERTICAL
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: VERTICAL
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: VERTICAL
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND
ZNY COMBINED: VERTICAL STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: TOTAL
STABILITY
EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: TOTAL
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: TOTAL
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND
ZNY COMBINED: TOTAL STABILITY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: MINIMUM
WARNING ALTITUDE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: MINIMUM
WARNING ALTITUDE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: MINIMUM
WARNING ALTITUDE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW,
AND ZNY COMBINED: MINIMUM WARNING ALTITUDE

A-45

A-46

A-47

A-48

A-49

A-50

A-51

A~-52

A-53

A-54

A-55

A-56

A-57



LIST OF FIGURES (Continued)

Figure Number

A-57

A-58

A-59

A-60

A-61

A-62

A-63

A-64

A-65

A-66

A-67

A-68

A-69

A-70

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
ZNY COMBINED: DISTANCE FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
ZNY COMBINED: BEARING FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADIAL HEADING

EMSAW ENCOUNTER CHARACTERISTICS FOR
RADIAL HEADING

EMSAW ENCOUNTER CHARACTERISTICS FOR
RADIAL HEADING

EMSAW ENCOUNTER CHARACTERISTICS FOR

ZAB: DISTANCE

ZFW: DISTANCE

ZNY: DISTANCE

ZAB, ZFW, AND

ZAB: BEARING

ZFW: BEARING

ZINY: BEARING

ZAB, ZFW, AND

ZAB: ANGLE

ZFW: ANGLE FROM

ZNY: ANGLE FROM

ZAB, ZFW, AND

ZNY COMBINED: ANGLE FROM RADIAL HEADING

EMSAW ENVIRONMENTAL CHARACTERISTICS
WARNING ALTITUDE (ENTIRE CENTER)

EMSAW ENVIRONMENTAL CHARACTERISTICS
WARNING ALTITUDE (ENTIRE CENTER)

xvii

FOR ZAB: MINIMUM

FOR ZFW: MINIMUM

A-59

A-60

A-61

A-62

A-63

A-64

A-65

A-66

A-67

A-68

A-69

A-70

A-T71



LIST OF FIGURES (Continued)

Figure Number

A-T71

A-72

A-73

A-74

A-75

A-76

A-77

A-78

A-79

A-80

A-81

A-82

A-83

A-84

EMSAW ENVIRONMENTAL CHARACTERISTICS FOR ZNY: MINIMUM

WARNING ALTITUDE (ENTIRE CENTER)

EMSAW ENVIRONMENTAL CHARACTERISTICS FOR ZAB, ZFW, AND
ZNY COMBINED: MINIMUM WARNING ALTITUDE (ENTIRE CENTER)

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU:
GROUND SPEED

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR LA:
GROUND SPEED

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR NY:
GROUND SPEED

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU,
LA, AND NY COMBINED: GROUND SPEED

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU:
ALTITUDE CHANGE RATE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR LA:
ALTITUDE CHANGE RATE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR NY:
ALTITUDE CHANGE RATE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU,
LA, AND NY COMBINED: ALTITUDE CHANGE RATE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU:
DISTANCE TO VERTICAL ENTRY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR LA:
DISTANCE TO VERTICAL ENTIRY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR NY:
DISTANCE TO VERTICAL ENIRY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU,
LA, AND NY COMBINED: DISTANCE TO VERTICAL ENTRY

xviii

Page

A-72

A-73

A-74

A-75

A-76

A-77

A-78

A-79

A-80

A-81

A-82

A-83

A-84

A-85



LIST OF FIGURES (Continued)

Figure Number

A-85

A-86

A-87

A-89

A-90

A-90

A-91

A-92

A-93

A-94

A-~95

A-96

A-97

A-98

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU:

MINIMUM WARNING ALTITUDE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR LA:

MINIMUM WARNING ALTITUDE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR NY:

MINIMUM WARNING ALTITUDE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU,
LA, AND NY COMBINED: MINIMUM WARNING ALTITUDE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU:

DISTANCE FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
DISTANCE FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
DISTANCE FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
AND NY COMBINED: DISTANCE FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
BEARING FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
BEARING FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
BEARING FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
AND NY COMBINED: BEARING FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
ANGLE FROM RADIAL HEADING

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
ANGLE FROM RADIAL HEADING

xix

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

HOU, LA,

HOU:

HOU, LA,

HOU:

A-87

A-88

A-89

A-90

A-91

A-92

A~93

A-94

A-95

A-96

A-97

A-98

A-99



LIST OF FIGURES (Concluded)

Figure Number

A-99

A-100

A-101

A-102

A-103

A-104

A-105

A-106

A-107

A-108

A-109

A-110

A-111

A-112

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
ANGLE FROM RADIAL HEADING

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
LA, AND NY COMBINED: ANGLE FROM RADIAL

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
HEADING STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
HEADING STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
HEADING STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
AND NY COMBINED: HEADING STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
VERTICAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
VERTICAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
VERTICAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS

FOR NY:

FOR HOU,

HEADING

FOR HOU:

FOR LA:

FOR NY:

FOR HOU, LA,

FOR HOQU:

FOR LA:

FOR NY:

FOR HOU,

LA, AND NY COMBINED: VERTICAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
TOTAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
TOTAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
TOTAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
AND NY COMBINED: TOTAL STABILITY

FOR HOU:

FOR LA:

FOR NY:

FOR HOU, LA,

A-101

A-102

A-103

A-104

A-105

A-106

A-107

A-108

A-109

A-110

A-111

A-112

A-113



Table Number

3-1

3-2

3-9

3-10
3-11
3-12
3-13
3-14

4-1

4-3
A
4-5

4-6

LIST OF TABLES

EN ROUTE DATA SAMPLES

SUMMARY DATA

SUMMARY DATA

SUMMARY DATA

SUMMARY DATA

SUMMARY DATA

SUMMARY DATA

SUMMARY DATA

SUMMARY DATA

FOR GRNDSPD
FOR ZDOT

FOR DVIN

FOR DLIN

FOR DELTALIN
FOR XANGLE
FOR LATSPAN

FOR CRANGLE

SUMMARY DATA FOR MWA FOR AREAS INVOLVED IN CONFLICTS

SUMMARY DATA FOR MWA FOR ALL CENTER AREAS

SUMMARY DATA FOR RDIS

SUMMARY DATA FOR RBEAR

SUMMARY DATA FOR RANGLE

TERMINAL DATA SAMPLES

SUMMARY DATA
SUMMARY DATA
SUMMARY DATA
SUMMARY DATA

SUMMARY DATA

'~ SUMMARY DATA

SUMMARY DATA

FOR TGRNDSPD

FOR TZDOT

FOR TDVIN

FOR TMWA

FOR TRDIS

FOR TRBEAR

FOR TRANGLE

xxi

3-7
3-8
3-8
3-10
3-10
3-14
3-14
3-19
3-19
3-20
3-20
3-22
4-2

4-4

46
4-7

4=7



LIST OF TABLES

Table Number

B-6
B-7

B-8

B-10
B-11
B-12
B-13
B-14

‘ B-15

EMSAW ENCOUNTER CHARACTERISTICS
EMSAW ENCOUNTER CHARACTERISTICS
EMSAW ENCOUNTER CHARACTERISTICS

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: GROUND SPEED

EMSAW ENCOUNTER CHARACTERISTICS
CHANGE RATE

EMSAW ENCOUNTER CHARACTERISTICS
CHANGE RATE

EMSAW ENCOUNTER CHARACTERISTICS
CHANGE RATE

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: ALTITUDE CHANGE RATE

(Continued)

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

ZAB: GROUND SPEED
2FW: GROUND SPEED
ZNY: GROUND SPEED

ZAB, ZFW, AND ZNY

ZAB: ALTITUDE

ZFW: ALTITUDE

ZNY: ALTITUDE

ZAB, ZFW, AND ZNY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: DISTANCE

TO VERTICAL ENTRY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: DISTANCE

TO VERTICAL ENTRY

EMSAW ENCOUNTER CHARACTERISTICS
VERTICAL ENTRY

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: DISTANCE TO VERTICAL

EMSAW ENCOUNTER CHARACTERISTICS
TO LATERAL ENIRY

EMSAW ENCOUNTER CHARACTERISTICS
TO LATERAL ENTRY

EMSAW ENCOUNTER CHARACTERISTICS
TO LATERAL ENTRY

xxii

FOR ZNY: DISTANCE TO

FOR ZAB, ZFW, AND ZNY
ENTRY

FOR ZAB: DISTANCE

FOR ZFW: DISTANCE

FOR ZNY: DISTANCE

B-10

B-11

B-12

B-13

B-15

B-17

B-18

B-19



LIST OF TABLES (Continued)

Table Number

B-16

B-17

B-18

B-19

B-20

B-21

B-22

B-23

B-24

B-25

B-26

B-27

B-28

B-29

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY
COMBINED: DISTANCE TO LATERAL ENTRY

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: DISTANCE
BETWEEN LATERAL ENTRY AND LATERAL EXIT

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: DISTANCE
BETWEEN LATERAL ENTRY AND LATERAL EXIT

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: DISTANCE
BETWEEN LATERAL ENTRY AND LATERAL EXIT

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND
ZNY COMBINED: DISTANCE BETWEEN LATERAL ENTRY AND
LATERAL EXIT

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: EMSAW
APPROACH PATTERN

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: EMSAW
APPROACH PATTERN

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: EMSAW
APPROACH PATTERN

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW,
AND ZNY COMBINED: EMSAW APPROACH PATTERN

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: LATERAL
CROSSING ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW: LATERAL
CROSSING ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY: LATERAL
CROSSING ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY
COMBINED: LATERAL CROSSING ANGLE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB: LATERAL SPAN

xxiii

Page

B-20

B-21

B-22

B-23

B-25

B-28

B-28

B-29

B-29

B-30

B~30

B-31

B-32

B-33



LIST OF TABLES (Continued)

Table Humber

B-30

B-31

B-32

B-33

B-34

B-35

B-36

B-37

B-38

B-39

B-40

B-41

B-42

B-43

B~-44

EMSAW ENCOUNTER CHARACTERISTICS

EMSAW ENCOUNTER CHARACTERISTICS

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: LATERAL SPAN

EMSAW ENCOUNTER CHARACTERISTICS
LATERAL ANGLE

EMSAW ENCOUNTER CHARACTERISTICS
LATERAL ANGLE

EMSAW ENCOUNTER CHARACTERISTICS
LATERAL ANGLE

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: CRITICAL LATERAL ANGL

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: HEADING STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: GROUNDSPEED STABILITY

xxiv

FOR

FOR

FOR

FOR

FOR

FOR

FCR

E

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

2FW: LATERAL SPAN
ZNY: LATERAL SPAN

ZAB, ZFW, AND ZNY

ZAB: CRITICAL
ZFW: CRITICAL
ZNY: CRITICAL

ZAB, ZFW, AND ZNY

ZAB: HEADING
ZFW: HEADING
ZNY: HEADING

ZAB, ZFW, AND ZNY

ZAB: GROUNDSPEED
ZFW: GROUNDSPEED
ZNY: GROUNDSPEED

ZAB, ZFW, AND ZNY

B-39

B-40

B-41

B-41

B-42

B-42

B-43

B-43

B-44

B-44



LIST OF TABLES (Continued)

Table Number

B-45

B~-46

B-47

B-48

B-49

B-50

B-51

B-52

B-53

B-54

B~55

B-56

B-57

B-58

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
COMBINED: VERTICAL STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
STABILITY

EMSAW ENCOUNTER CHARACTERISTICS

_ COMBINED: TOTAL STABILITY

EMSAW ENCOUNTER CHARACTERISTICS
WARNING ALTITUDE

EMSAW ENCOUNTER CHARACTERISTICS
WARNING ALTITUDE

EMSAW ENCOUNTER CHARACTERISTICS
WARNING ALTITUDE

EMSAW ENCOUNTER CHARACTERISTICS

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

COMBINED: MINIMUM WARNING ALTITUDE

EMSAW ENCOUNTER CHARACTERISTICS
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS
FROM RADAR

FOR

FOR

ZAB: VERTICAL

ZFW: VERTICAL

ZNY: VERTICAL

ZAB, ZFW, AND ZNY

ZAB: TOTAL
ZFW: TOTAL
ZNY: TOTAL

ZAB, ZFW, AND ZNY

ZAB: MINIMUM

ZFW: MINIMUM

ZNY: MINIMUM

ZAB, ZFW, AND ZNY

ZAB: DISTANCE

ZFW: DISTANCE

B-47

B-47

B-48

B-48

B-49

B-50

B-50

B-51

B-52

B-53



LIST OF TABLES (Continued)

Table Number

B-53

B-60

B-61

B-62

B-63

B-64

B-65

B-66

B-67

B-68

B-69

B-70

B-71

B-72

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
ZNY COMBINED: DISTANCE FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
ZNY COMBINED: BEARING FROM RADAR

EMSAW ENCOUNTER CHARACTERISTICS FOR
FROM RADIAL HEADING

EMSAW ENCOUNTER CHARACTERISTICS FOR
RADIAL HEADING

EMSAW ENCOUNTER CHARACTERISTICS FOR
RADIAL HEADING

EMSAW ENCOUNTER CHARACTERISTICS FOR

ZNY: DISTANCE

ZAB, ZFW, AND

ZAB: BEARING

ZFW: BEARING

ZNY: BEARING

ZAB, ZFW, AND

ZAB: ANGLE

ZFW: ANGLE FROM

ZNY: ANGLE FROM

ZAB, ZFW, AND

ZNY COMBINED: ANGLE FROM RADIAL HEADING

EMSAW ENVIRONMENTAL CHARACTERISTICS
WARNING ALTITUDE (ENTIRE CENTER)

EMSAW ENVIRONMENTAL CHARACTERISTICS
WARNING ALTITUDE (ENTIRE CENTER)

EMSAW ENVIRONMENTAL CHARACTERISTICS
WARNING ALTITUDE (ENTIRE CENTER)

EMSAW ENVIRONMENTAL CHARACTERISTICS

FOR ZAB: MINIMUM

FOR ZFW: MINIMUM

FOR 2ZNY: MINIMUM

FOR ZAB, ZFW, AND

ZNY COMBINED: MINIMUM WARNING ALTITUDE (ENTIRE CENTER)

xxvi

B-56

B-59

B-60

B-61

B-62

B-64

B-65

B-66

B-67

B-68

B-69

B-70

B-71



LIST OF TABLES (Continued)

Table Number

B-73

B-74

B-75

B-76

B-77

B-78

B-79

B-80

B-81

B-82

B-83

B-84

B-85

B-86

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
GROUND SPEED

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
GROUND SPEED

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
GROUND SPEED

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
AND NY COMBINED: GROUND SPEED

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
ALTITUDE CHANGE RATE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
ALTITUDE CHANGE RATE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
ALTITUDE CHANGE RATE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS

FOR HOU:

FOR LA:

FOR NY:

FOR HOU, LA,

FOR HOU:

FOR LA:

FOR NY:

FOR HOU,

LA, AND NY COMBINED: ALTITUDE CHANGE RATE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
DISTANCE TO VERTICAL ENTRY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
DISTANCE TO VERTICAL ENTRY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
DISTANCE TO VERTICAL ENTRY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS

FOR HOU:

FOR LA:

FOR NY:

FOR HOU,

LA, AND NY COMBINED: DISTANCE TO VERTICAL ENTRY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
MINIMUM WARNING ALTITUDE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
MINIMUM WARNING ALTITUDE

xxvii

FOR HOU:

FOR LA:

B-73

B-74

B-75

B-76

B-77

B~-78

B-79

B-80

B-81

B-82

B-83

B-84

B-84



LIST OF TABLES (Continued)

Table Number

B-87

B-88

B-89

B-90

B-91

B-92

B-93

B-94

B-95

B-96

B-97

B-98

B-99

B-100 TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU,
LA, AND NY COMBINED: ANGLE FROM RADIAL HEADING

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR NY:
MINIMUM WARNING ALTITUDE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU,
LA, AND NY COMBINED: MINIMUM WARNING ALTITUDE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU:
DISTANCE FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR LA:
DISTANCE FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR NY:
DISTANCE FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU,
AND NY COMBINED: DISTANCE FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU:
LA, BEARING FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR LA:
BEARING FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR NY:
BEARING FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU,
LA, AND NY COMBINED: BEARING FROM RADAR

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU:
ANGLE FROM RADIAL HEADING

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FCR LA:
ANGLE FROM RADIAL HEADING

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR NY:
ANGLE FROM RADIAL HEADING

xxviii

Page

B-85

B-85

B-86

B-87

B-88

B-89

B-90

B-91

B-92

B-93

B-94

B-95

B-96

B-97



LIST OF TABLES (Continued)

Table Number

B-101

B-102

B-103

B-104

B-105

B-106

B-107

-

B-108

B-109

B-110

B-111

B-112

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
HEADING STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
HEADING STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
HEADING STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
LA, AND NY COMBINED: HEADING STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
VERTICAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
VERTICAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
VERTICAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS

LA, AND NY COMBINED: VERTICAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
TOTAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
TOTAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
TOTAL STABILITY

TERMINAL MSAW ENCOUNTER CHARACTERISTICS
LA, AND NY COMBINED: TOTAL STABILITY

C-1 EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB:
TABLE

C-2 EMSAW ENCOUNTER CHARACTERISTICS FOR ZFW:
TABLE

xxix

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

HOU:

HOU,

HOU:

HOU,

HOU:

NY:

HOU,

CORRELATION

CORRELATION

B-%9

B~99

B-100

B-100

B-101

B-101

B-102

B-102

B-103

B-103

c-2

C-6



LIST OF TABLES (Concluded)

Table Number

c-3

C-b

Cc-5

C-6

c-7

EMSAW ENCOUNTER CHARACTERISTICS FOR 2ZNY: CORRELATION
TABLE

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY
COMBINED: CORRELATION TABLE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU:
CORRELATION TABLE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR LA:
CORRELATION TABLE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR NY:
CORRELATION TABLE

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU, 1A,
AND NY COMBINED

DATA BASE OF EMSAW ENCOUNTER OBSERVATIONS

DATA BASE OF TERMINAL MSAW ENCOUNTER OBSERVATIONS

C-14

c-18

c-19

c-20

c-21

D-10



EXECUTIVE SUMMARY

INTRODUCTION

During the Acquisition Phase (AP) of the Federal Aviation
Administration's (FAA) Advanced Automation System (AAS) procurement, the
AP Contractor will be required to document the performance of the AAS
Minimum Safe Altitude Warning (MSAW) function. The purpose of the MSAW
function is to alert a controller to situations when an aircraft is below
or predicted to be below a minimum safe altitude or predicted to violate
an active Special Use Airspace (SUA). Performance evaluation will be
based, in part, on a set of Contractor-developed aircraft to airspace
scenarios that represent realistic traffic and encounter situations. The
Contractor is required to develop these scenarios from a Government-
provided characterization of realistic traffic and encounter situatioms.
The purpose of this report is to provide this characterization for MSAW.

Since the current Air Traffic Control (AIC) system has been using
MSAW functions for both the terminal and en route environments for several
years, it was decided to analyze data from alerts generated by these
functions to provide realistic values for parameters that the Contractor
will use for construction of scenarios. This report does not provide
information for all parameters required to generate scenarios, only for
those that are considered important to performance analysis and for which
adequate field data were available. This document is intended for those
familiar with the NAS and AAS requirements. Readers not familiar with
these topics may wish to review the documents referenced in this report.

Data recorded at three Air Route Traffic Control Centers (ARTCCs) and
three Terminal Radar Approach Control Facilities (TRACONs) were analyzed.
High Speed Printer (HSP) alert messages generated by the em route MSAW
algorithm and MSAW messages that appeared on the Automated Radar Terminal
System (ARTS) extractor tapes for the terminal data were used to select
the aircraft/area pairs studied. Adaptation data along with the alert
messages and track reports provided all the data used for this study.
Although the current terminal MSAW function uses three types of processing
(straight line prediction, projection of a five degree climb angle, and a
check for violation of an approach path glide slope), sufficient alerts
and adaptation data were available for only the alerts produced by
straight line prediction to be included in this study.

Seventeen parameters describing the en route encounters and ten
parameters for terminal encounters were chosen for analysis based on the
importance of the parameter relative to MSAW performance and the
availability of field data for that parameter. Statistics including the
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mean, maximum, minimum, and standard deviations for the non-discrete
parameters and the mode for the discrete parameters were calculated for
each encounter studied. Histograms providing graphical representation of
the data were generated for each parameter. Frequency tables useful for
random selection of parameter values used to construct scenarios were also
generated for each parameter studied. Correlation coefficients were
computed to indicate the degree to which each parameter is correlated with
each other parameter. The Contractor should use these data while
generating scenarios so the effects of all significant correlations are
included.

BACKGROUND

Algorithms and adaptation for the current MSAW functions differ for
the terminal and en route environments. The terminal MSAW function
performs three types of processing: General Terrain Monitoring (GTM),
Approach Path Monitoring (APM), and Satellite Airport Monitoring (SAM).
GTM uses a grid centered at the radar site for adaptation. Each bin in
the grid has an associated warning altitude. Three violation checks are
performed: current violation, straight line prediction, and a projection
using a five degree climb angle. APM at primary airports and SAM at other
airports monitor the approach path of an aircraft and provide an alert if
the aircraft is predicted to violate a glide slope which is adapted for
each airport.

The current en route MSAW function checks for violations using a
straight line prediction into airspace regions defined laterally by
polygons and vertically by a high altitude limit called a minimum warning
altitude, and a low altitude limit which is always at ground level. Each
center is adapted by dividing the airspace into a maximum of 400 polygons,
each with a limit of fifteen sides.

Like the current MSAW function, the AAS MSAW function will alert a
controller to conflicts detected between an aircraft's projected flight
path and adapted airspace regions. In the AAS, however, these regions
can: 1) be checked as a local or strategic function, 2) be activated or
deactivated as a function of time, and 3) have an associated low altitude
limit that is not at ground level.

Three types of monitoring capabilities will be available in the AAS:
General Terrain Monitoring, Approach Path Monitoring, and Airspace
Monitoring. General Terrain and Approach Path Monitoring in the AAS will
provide similar functionality as the en route and terminal MSAW functions
do for the current ATC system. Airspace Monitoring will determine if the
projected path of an aircraft will enter airspace regions that contain
associated minimum and maximum safe altitudes.
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EN ROUTE MSAW ENCOUNTERS

MSAW alert messages, track reports, and adaptation data were
extracted from data collected at Albuquerque, Fort Worth, and New York
ARTCCs. These Centers were chosen because they contain different types of
terrain. A total of 576 first alerts were contained in the alert messages
with track data available for 458. A first alert was defined as the first
message in a series of consecutive (time between alerts was less than
sixty seconds) alert messages for the same aircraft/area pair. If the
alert messages were interrupted for sixty seconds or more, the next
occurrence was considered to be a new first alert.

Alert messages are printed regardless of the display status of the
alert. Algorithmically they are valid alerts (i.e., the track vector is
projected to penetrate a protected airspace) and were used for this
analysis regardless of display status. However, due to questionable
altitude tracking data, only 276 of the alerts were used. The
questionable data were found in the alert messages for aircraft flying
between flight levels 150 and 200 and may have been due to military
training maneuvers, overestimation of the altitude change rate for
aircraft transitioning through the altitude at which Mode C pressure
correction began, or incorrect Mode C reports. The majority of alerts
that were omitted occurred in Albuquerque.

The statistics described previously were calculated for the following
parameters that describe the en route encounters:

e Aircraft ground speed

® Aircraft altitude change rate

¢ MSAW area minimum warning altitude

¢ Vertical distance to the MSAW altitude
¢ TLateral distance to the MSAW area

® Lateral crossing angle

® Lateral span

® (Critical lateral angle

¢ Distance from radar

¢ Bearing from radar
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e Angle from radial heading (angle between aircraft heading and
radial from radar)

e MSAW area approach pattern

e Heading stability

® Speed stability

e Vertical stability

e Total stability

These parameters were chosen for analysis on the basis of importance
relative to the performance of the MSAW function. Other parameters (e.g.,
turn rate and turn magnitude) that may also affect performance results
were not analyzed due to insufficient data.
TERMINAL MSAW ENCOUNTERS

MSAW alert messages and track reports were extracted from data
collected at Houston, Los Angeles, and New York TRACONs. Due to
ijnsufficient alerts and adaptation data to study the alerts generated by
the Approach Path Monitoring and the five degree climb angle projection,
only the current or straight line prediction type alerts for the General
Terrain Monitoring were analyzed. A total of 91 of these types of alerts

were contained in the data.

Statistics were collected for the following parameters describing the
terminal MSAW encounters:

o Aircraft ground speed

e Altitude change rate

o Vertical distance to MSAW altitude
e Minimum warning altitude

¢ Distance from radar

® Bearing from radar

e Angle from radial heading (angle between aircraft heading and
radial from radar) '

o Heading stability
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Vertical stability

Total stability

Fewer parameters defining the position of the aircraft relative to
the MSAW area were analyzed for the terminal encounters than fcor the en
route encounters because the grid used for adaptation in the terminal area
specifically defines the location and size of the areas.

DATA LIMITATIONS

The data analyzed for this study were collected using the current
MSAW and tracking algorithms. This approach to data collection resulted
in several limitations:

Situations for which the current functions missed alerts were not
reflected in the data set.

The source data represent only actual alert situations; thus there
may be difficulty in constructing near-violation scenarios to be
used for performance evaluation of nuisance alerts.

Geometries such as an aircraft ascending into the floor of an SUA
were not available since the current MSAW functions do not check
for such violatioms.

The majority of encounters for aircraft flying in an altitude
range that may be critical for Centers with mountainous terrain
were omitted from the analysis due to questionable data that may
have resulted from altitude tracking limitations.

Other limitations of this study that have been identified include:

Insufficient data were available to analyze some parameters that
affect MSAW performance such as aircraft turn rate, turn
magnitude, and acceleration.

No conclusion can be made regarding the degree to which the data
is representative of the entire population of MSAW encounters due

to the small sample size.

Some possible encounter geometries were not found in the data set.

Traffic, adaptation, and aircraft characteristics may be
significantly different at the time the AAS is implemented.



PERFORMANCE MEASUREMENT

The information in this report is to be used by the AAS AP Contractor
to construct a set of realistic MSAW alert scenarios. These scenarios are
to be used as input to a Monte Carlo simulation model of the MSAW and
related functions so that performance results can be obtained.

Statistical distributions of the encounter parameters characterized in
this document are to be computed by the Contractor for the scenario set in
order to verify that they do not differ significantly (using a 95 percent
confidence interval) from those of the realistic traffic mix presented in
this report.

In order to provide a complete evaluation of the performance of the
MSAW function, the Contractor will need to generate scenarios in addition
to those based on the information provided by this study. These
additional scenarios must address the limitations that have been
identified in this study and include encounter situations not found in the
data set that demonstrate unique features of the Contractor's design.
Performance results for scenarios based on this document are to be
distinguished from results involving the supplemental scenarios. In
addition, result for the scenarios based on the en route data should be
presented separately by Center as well as overall since terrain is an
important factor relative to the MSAW function. The terminal area results
should be presented as overall totals.
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1.0 INTRODUCTION

During the Acquisition Phase (AP) of the Federal Aviation
Administration's (FAA) Advanced Automation System (AAS) procurement, the
AP Contractor will be required to document the performance of the AAS
Minimum Safe Altitude Warning (MSAW) function. Performance evaluation
will be based, in part, on a set of Contractor-developed aircraft to
airspace scenarios that represent realistic traffic and encounter situa-
tions. The AAS Statement of Work (SOW) (FAA, August 1987C) requires the
Contractor to develop scenarios from a Government-provided characteriza-
tion of realistic traffic and encounter situations. This document
provides this characterization for MSAW.

The purpose of the MSAW function is to provide an automated aid to
the controller that alerts him to situations when a tracked aircraft is
below or predicted to be below a specified minimum safe altitude or pre-
dicted to violate an active Special Use Airspace (SUA) in less than
approximately two minutes for the en route environment and one minute for
terminal areas. The minimum safe altitudes reflect topography, obstruc-
tions, traffic flow, and operational considerations for each control area.

1.1 Report Objective

The objective of this report is to detail characteristics of a
realistic traffic mix to be used by the AAS AP Contractor to develop
scenarios for performance analysis of his MSAW algorithm. The statistics
provided herein are for parameters that may affect the performance of the
AAS MSAW function and are based on data collected from actual MSAW
encounters. This report does not provide information for all parameters
required to generate scenarios, only for those that are considered
important for performance analysis and for which adequate field data was
available. The Contractor is responsible for developing the scenario set
to be used for performance analysis and demonstrating that it corresponds
to the characteristics contained in this report (FAA, August 19872).

The scope of this report includes a brief explanation of the MSAW function
as implemented in the National Airspace System (NAS). This document is
intended for those familiar with the NAS and AAS requirements. Readers
not familiar with these topics may wish to review the documents referenced
in this report.

1.2 Approach

In order to appropriately assess the performance of the Contractor's
MSAW function, a traffic mix that is representative of the types of MSAW
encounters that the function, when implemented, will be acting on is
needed. Since the current ATC system has been using MSAW functions for
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both the terminal and en route environments for several years, it was
decided to analyze data from alerts generated by these functions to
provide realistic values for parameters that the Contractor will use for
development of scenarios.

Data recorded at three Air Route Traffic Control Centers (ARTCCs) and
three Terminal Radar Approach Control Facilities (TRACONs) were analyzed.
High Speed Printer (HSP) alert messages generated by the NAS en route MSAW
algorithm and MSAW messages that appeared on the Automated Radar Terminal
System (ARTS) extractor tapes for the terminal data were used to select
the aircraft to airspace pairs studied. Adaptation data along with the
alert messages and track reports provided all of the data used for this
analysis. Although the current terminal MSAW function uses three types of
processing (straight line prediction, projection of a five degree climb
angle, and a check for violation of an approach path glide slope),
sufficient adaptation data were available for only the alerts produced by
straight line prediction to be included in this study.

Performance of the MSAW function is dependent on the values of many
parameters. For example, both the nuisance and missed alert rates are
heavily dependent on the number of encounters that involve aircraft flying
close to the edges and corners of MSAW areas. The magnitude and timing of
aircraft maneuvers are also very important factors. Seventeen parameters
describing the en route encounters and ten parameters for terminal
encounters were chosen for analysis based on the importance of the
parameter relative to MSAW performance and the availability of field data
for that parameter. More parameters were required to describe the
geometry of the encounters in the en route environment than in the
terminal area because the size, shape, and orientation of the areas are
non-uniform in en route adaptation, but are uniform in the terminal area.

Statistics for each parameter analyzed were calculated and are
presented in this report. These include the mean, maximum, minimum, and
standard deviation for each non-discrete parameter and the mode for the
discrete parameters. Empirical and cumulative frequency distributions
were also computed. These statistics should be used by the Contractor to
generate parameter values for the set of scenarios used for performance
analysis and as reference values for demonstration that the scenario set
represents a realistic traffic mix.

1.3 Report Organization

Section 2 contains background information pertinent to this report
including brief descriptions of the En Route and Terminal MSAW functions
in use for the current Air Traffic Control (AIC) system and functional
and performance requirements for the AAS MSAW function. The en route and



terminal data collection efforts are described in detail in Sections 3 and
4 and include: data descriptions, criteria applied for omitting an alert
from analysis, and descriptions and statistics for each encounter
characteristic. The actual data, frequency tables, histograms, and
correlation matrices are provided in Appendices A, B, C, and D for each
Center/TRACON analyzed and for overall totals. Section 5 contains a
discussion on the limitations of the study of NAS/ARTS MSAW data relative
to performance evaluation of the AAS MSAW function. Lastly, Section 6
discusses how the performance results using scenarios created from the
statistics contained in this report should be presented and the
supplemental scenarios the Contractor should create to address the
limitations discussed in Section 5.
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2.0 BACKGROUND

The following sections provide brief overviews of the current MSAW
functions and the functional and performance requirements for MSAW in the
AAS.

2.1 Description of Current MSAW Functions

Definition of MSAW areas and MSAW processing are different for the en
route and terminal environments in the current ATC system. Brief
descriptions of the function for each environment follow. For detailed
descriptions see the FAA MSAW documentation (FAA, April 1980 and FAA,
February 1980).

2.1.1 En Route MSAW

For En Route MSAW (EMSAW) processing, a facility's airspace is
divided into polygons, each of which is assigned a minimum altitude. The
current capacity for each Center is a maximum of 400 polygons with a limit
of 15 sides per polygon. These polygons are then mapped onto the Radar
Sort Boxes (RSBs). An altitude is assigned to each RSB that is the
maximum of the altitudes of all polygons that overlap the RSB and is
called the Maximum Warning Altitude (MWA).

Each controlled track in the system is first subject to gross
altitude filtering. If a track is between a High Gross Filter Altitude
(HGFA) and a Middle Gross Filter Altitude (MGFA) and is descending or is
below the MGFA then it is processed further.

After passing the gross altitude filter, a sort box filter is used.
The RSBs penetrated during the look ahead time are determined and the
projected track altitude is compared to the MWA for each RSB to be
penetrated. If a track's altitude is projected to go below the MWA of an
RSB then detailed processing is begun to determine if an area violation
will occur.

The detailed violation detection procedure used on the tracks that
have passed all of the filters is divided into three separate algorithms
based on the geometry of the polygons within an RSB (i.e. whether the
angles within an RSB are convex, concave, or a mixture). A violation is
determined to exist if any portion of the projected track vector
penetrates an EMSAW area within the confines of the RSB being examined.

Each track found to be in violation of an EMSAW area is then checked

against alert eligibility and validation requirements before an alert is
issued to the controller.
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2.1.2 Terminal MSAW

The current terminal area MSAW function provides 3 types of
monitoring capability: General Terrain Monitoring (GIM), Approach Path
Monitoring (APM), and Satellite Airport Monitoring (SAM). The purpose of
GTM is to check for conflicts with terrain or obstacles. APM and SAM
check for deviations from normal runway approaches.

The minimum safe altitude information for GIM is provided by
projecting a 16,384 square nautical mile grid (128 nautical miles per
side) onto the area with the grid centered at the radar. Multiple radar
facilities use two or more grids. The grids are divided into 4,096 square
sections (i.e., bins) two nautical miles per side. The altitude
corresponding to the highest terrain or obstacle found in the bin is the
minimum safe altitude for that bin.

The program performs three checks every radar scan. These include:
e Current bin check to determine if a violation already exists,

e Prediction (a look ahead based on tracking data to determine if a
violation will occur), and

e Projection (a look ahead based on a five degree climb angle).

Various altitude "pads' are added to bin altitudes when comparing
aircraft altitude with bin height. Aircraft found to be near bin borders
or predicted/projected to pass close to a bin's borders are compared to
altitudes in all affected bins.

Arriving aircraft are processed by APM for a primary airport or by
SAM, for other airport approaches. Eligible aircraft are monitored based
on their current reported altitude as compared to: (1) a specific glide
slope altitude minus a pad altitude when a precision ILS approach has been
defined or (2) a minimum descent altitude minus a pad when a non-precision
approach has been defined. If an aircraft is currently violating an
altitude or is predicted to violate in approximately fifteen seconds, then
an approach warning is declared.

2.2 AAS MSAW Functional Qverview

Section 3.7.1.1.3.5.2 of the AAS System Level Specification (sLS)
(FAA, August 19879) contains the functional requirements for the AAS
MSAW. Like the current MSAW functions, the AAS MSAW function will provide
an alert to the controller of conflicts detected between an aircraft's



projected flight path and adapted airspace regions. In the AAS, however,
these regions are to include MSAW Airspace Regions (comprising areas that
define low altitude limits or airport approach paths) and SUA Regions
(comprising local and strategic airspace regions that may be permanently
established or activated as a function of time).

Three types of monitoring capabilities will be available: General
Terrain Monitoring, Approach Path Monitoring, and Airspace Monitoring.
General Terrain Monitoring projects each track along its velocity vector
and determines if, within the adapted look-ahead time, a violation of a
minimum safe altitude occurs. Additionally, in defined terminal areas,
the search for conflict will extend beyond the projected position
sufficiently far into the future to permit escape from an encounter with
terrain using a climb angle of five degrees. Approach Path Monitoring
compares the projected paths of aircraft making terminal approaches to
adapted descent profiles representing minimum descent altitudes or glide
slopes. Airspace Monitoring determines if the projected path of an
aircraft will enter SUAs that contain associated minimum and maximum safe
altitudes.

Inclusion of Airspace Monitoring in the MSAW function requires
capabilities beyond those in the current NAS design. MSAW is not
currently used to check for SUA violations unless an ARTCC has decided to
designate a particular SUA as an MSAW area. The current MSAW function
assumes an area to be permanently defined as extending from the associated
minimum safe altitude to the ground; SUAs are often defined in altitude
strata and are not active at all times.

2.3 AAS AP SLS Performance Requirements

Section 3.2.1.1.3.2.1.4.2 in the AAS AP System Level Specification
contains performance requirements for probability of MSAW conflict
detection and nuisance alert rate. Conflict detection requirements are
based on whether the aircraft is en route or in a terminal area and
whether the aircraft has been accelerating prior to prediction of a
violation. Aircraft that have been flying with constant velocity both in
altitude and in the horizontal plane for 10 to 12 radar scans prior to a
predicted violation are considered stable. Those that have been
accelerating or decelerating are considered unstable. The performance
requirements for aircraft in the en route environment are: 99 percent
probability of detection of a violation with a warning time greater than
75 seconds for stable aircraft, and 75 percent probability of detecting a
violation with the same warning time for unstable aircraft. For the
terminal area, the probability of detection requirements are the same as
for en route with the exception that the warning time must be 40 seconds
or more.
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The SLS defines a nuisance alert as one that would not have been
declared if the sensor system provided perfect information concerning
aircraft motion and if a perfect tracker were in place. A perfect tracker
is one that has perfect knowledge of the true velocity vector and
acceleration of the aircraft. The nuisance alert rate (defined as the
ratio of nuisance alerts to total alerts) is to be no more than 6 percent
with a goal of 2 percent for all aircraft.



3.0 EN ROUTE MSAW ENCOUNTERS

The data collection effort for the en route environment and the
analysis of EMSAW encounter characteristics are discussed in the following
two sections.

3.1 En Route Data Collection

Data Analysis Reduction Tool (DART) tapes made from ARTCC System
Analysis Recordings (SAR) were used to obtain HSP MSAW alert messages and
track reports for the en route environment. EMSAW adaptation data and
stereographic projection constants were obtained from Adaptation Con-
trolled Environment System (ACES) tapes. Table 3-1 contains information
on sample dates and times, total number of HSP alerts generated, number of
alerts for which track data were available, and the number of alerts used
for the en route analysis.

The alert counts provided in Table 3-1 are for the first occurrence
of consecutive HSP alert messages for an aircraft/area pair. For the
current ATC system, HSP EMSAW alert messages are generated each processing
cycle for which the EMSAW function detects an impending conflict with an
EMSAW area and determines the alert to be eligible. An alert is eligible
if it passes an alert validation criteria (generally a predicted conflict
for two of the last three processing cycles) or if the warning time is
smaller than an adapted warning time parameter. A situation when a con-
flict is not resolved for several radar scans will have multiple alert
messages printed at the HSP. In some situations, however, the aircraft
may be flying such that the alert messages are not printed every process-
ing cycle. Analysis of the time between HSP messages for the same
aircraft/area pair contained in the data studied, indicated a logical
break point at 60 seconds for defining the alert as a new alert. There-
fore, for this analysis, when the time between consecutive alert messages
was less than 60 seconds only the first message was used. When the
messages for the same aircraft/area pair were interrupted for 60 seconds
or more, the next occurrence was considered to be a new alert.

HSP EMSAW alert messages are printed regardless of the display status
of the alert and contain no indication of that status in the message.
However, all of the alerts are algorithmically valid based on the tracking
data used by the EMSAW function (i.e., the projection of the track vector
does indicate a violation) and were used regardless of display status to
choose the aircraft/area pairs studied.

Table 3-1 shows that only 60 percent of the alerts that had track
data available were used in the analysis. Many of the alert messages for
Albuquerque, with a smaller percentage for Fort Worth, indicated descent
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TABLE 3-1
EN ROUTE DATA SAMPLES

Time Total Alerts With Alerts

Date (Local) MSAW Tracks Used in

Center Sampled Sampled Alerts Available Analysis
Albuquerque 4/06/84 0600-1159 294 244 79
Fort Worth 8/26/83 0952-1110 63 48 31
New York 4/09/85 1453-1801 219 166 166
Total 576 458 276
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rates that were unusually high (20,000 - 50,000 ft/min). After examina-
tion of the track data, it was considered inappropriate to use many of
these alerts because they were generated on the basis of questionable
data. These data are discussed later in this sectiom.

Analysis was limited to the samples from the three Centers listed in
Table 3-1 because inclusion of data from other Centers which use the MSAW
function (all of which contain relatively flat terrain) would reduce the
impact of scenarics developed from data sampled in mountainous areas for
which the MSAW function was originally designed. A violation is more
difficult to predict with sufficient warning time in mountainous areas
because aircraft flight paths are generally closer to the terrain than in
non-mountainous areas. Consequently, the MSAW function is stressed more
for Centers with mountainous terrain such as Albuquerque than for Centers
such as New York that are relatively flat.

The following data were extracted and used to analyze the encounter
parameters discussed in Section 3.2:

® Alert Message
- Aircraft x, y, and z positions at alert
- Aircraft x, y, and z velocities at alert
- EMSAW area minimum warning altitude

® Track Reports
- Mode C reports prior to alert
- Ground speed history prior to alert
- Heading history prior to alert

® Adaptation

Coordinates of EMSAW area vertices

Point of tangency

Conformal radius

Radar locations
Examination of the Mode C reports for the two minutes prior to each

alert indicated very erratic behavior in the 20,000 to 15,000 foot alti-
tude range for aircraft with the unusually high descent rates listed in
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the alerts. The EMSAW function at Albuquerque center would be more sensi-
tive to aircraft flying at these levels than at New York or Fort Worth
because of Albuquerque's higher elevation. Albuquerque center contains
many areas where military training activities occur which may account for
many of the high vertical velocities that were seen. The aircraft may not
actually be under control of the ATC System, but may nevertheless still be
tracked. Another possible explanation for the extreme descent rates is a
discontinuity that occurs with the current altitude tracker in the
altitude range 18,000 to 21,000 feet where Mode C pressure correction
begins. If the tracker receives an uncorrected Mode C report followed by
a corrected report, the altitude change could be over-estimated, leading
to computation of an excessively high velocity. Some of the erratic Mode
C data may also have been the result of faulty transponders.

From examination of the Mode C data prior to the alerts, a criteria
for eliminating an alert from the data set based on altitude and vertical
stability was developed. In general, if an aircraft had not been verti-
cally stable for 60 seconds or more prior to the alert and was flying
above 18,000 feet (the minimum pressure correction altitude), it was
deleted from the data set (vertical stability is discussed in more detail
in Section 3.2.3.3). Other alerts that were obviously nuisance were also
deleted. These included one case for which the data in the alert message
indicated that the aircraft was flying away from the MSAW area.
Examination of the track data indicated that the track had jumped approxi~
mately 300 nmi shortly before the alert. The other cases that were
deleted involved aircraft whose track data showed them to be flying level
at least 5000 feet above the EMSAW altitude, but were indicated to be
below the minimum warning altitude by the track data shown in the alert
message. The altitude used by the MSAW function in these cases may have
been a controller-entered altitude.

3.2 En Route Encounter Characteristics

The following non-discrete parameters were selected for analysis of
the en route MSAW encounters:

GRNDSPD:  Ground speed (knots)

ZDOT: Altitude change rate (100 ft/min)
DVIN: Vertical distance to EMSAW altitude (100 ft)
DLIN: Lateral distance to EMSAW area (nmi)

DELTALIN: Lateral distance in EMSAW area (nmi)
XANGLE: Lateral crossing angle (degrees)
LATSPAN: Lateral span (degrees)

MWA: Minimum warning altitude (100 ft)
CRANGLE: Critical lateral angle (degrees)
RDIS: Distance from radar (nmi)

RBEAR: Bearing from radar (degrees)
RANGLE: Angle from radial heading (degrees)
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The following discrete parameters were selected for analysis of the
en route MSAW encounters:

APPROACH: EMSAW area approach pattern (case number)
HDGSTAB: Heading stability (seconds)

SPDSTAB: Speed stability (seconds)

VRTSTAB: Vertical stability (seconds)

STAB: Total stability (seconds)

The following information is provided for every parameter:
¢ Parameter description
¢ Parameter data source
¢ Number of observations

The following information is provided for each non-~discrete parameter:

® Mean Value

¢ Maximum and Minimum Values

¢ Standard Deviation

¢ D or W¥

The statistical mode is provided for each discrete parameter.

Appendix A contains the empirical frequency distribution of each
parameter in the form of a histogram. Appendix B contains the empirical
cumulative distribution of each parameter in the form of tables with
parameter values for percentiles 1-100. These tables are useful for the
random generation of scenario parameters. Tables C-1 through C-4 in
Appendix C contain matrices of correlation coefficients that indicate the
degree to which each parameter is correlated with each other parameter.
The contractor should use these data while generating scenarios so that
the effects of all significant correlations are included. Table D-1 in
Appendix D contains the data set from which the statistics provided in
this report have been computed.

*D is the Kolmogorov-Smirnoff statistic that represents the maximum
difference between the observed cumulative distribution and a theoretical
normal distribution at each data point. It is used to test the
hypothesis that the sample data originate from a normal distribution with
the sample mean and standard deviation. W is the Shapiro-Wilk statistic
and was provided when the number of observations was less than fifty-one.
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3.2.1 Aircraft Motion

The following two parameters describe the aircraft motion at the time
of the alarm.

3.2.1.1 Ground Speed (GRNDSPD). Statistics were collected
describing the ground speed of the aircraft at the time of the alert. The
ground speed, measured in knots, was computed for all first alert cases
and derived from the x and y velocities in the high speed printer
message. A summary of the statistics for GRNDSPD is provided in Table
3-2; Figures A-l through A-4 and Tables B-l through B-4 in Appendices A
and B provide the empirical frequency and cumulative distributions.

3.2.1.2 Altitude Change Rate (ZDOT). 2DOT is the altitude tracker's
estimate of the altitude change rate for an aircraft and was extracted
directly from the HSP alert messages for this analysis. The statistics in
Table 3-3 were computed for ZDOT; Figures A-5 through A-8 and Tables B-5
through B-8 in Appendices A and B provide the empirical frequency and
cumulative distributions.

3.2.2 Aircraft Position and Direction

The following parameters describe the aircraft position and direction
with respect to the EMSAW area. The aircraft position was derived from
the high speed printer output message and the EMSAW coordinates were
determined from adaptation data.

3.2.2.1 Distance to Vertical Entry (DVIN). DVIN is the vertical
distance in hundreds of feet between the aircraft altitude at the time of
the alert and the EMSAW minimum warning altitude (MWA). DVIN is positive
if the aircraft is above the MWA. Summary statistics for DVIN are
provided in Table 3-4; Figures A-9 through A-12 and Tables B-9 through
B-12 in Appendices A and B provide the empirical frequency and cumulative
distributions.

3.2.2.2 Distance to Lateral Entry (DLIN). DLIN is the lateral
distance in nautical miles between the aircraft x, y position at the time
of the alert and the x, y position where the aircraft first laterally
enters the EMSAW area assuming the aircraft has constant heading and
groundspeed. Table 3-5 provides summary statistics for DLIN; Figures A-13
through A-16 and Tables B-13 through B-16 in Appendices A and B provide
the empirical frequency and cumulative distributions.

3.2.2.3 Distance Traveled While Laterally in EMSAW Area (DELTALIN).
DELTALIN is the distance in nautical miles between the x, y position where
the aircraft laterally enters the EMSAW area and the x, y position where
the aircraft laterally exits the EMSAW area assuming the
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TABLE 3-2

SUMMARY DATA FOR GRNDSPD

GRNDSPD (knots) ZAB ZFW ZNY All
N 79 31 166 276
Maximum 519 407 463 519
Minimum 36 36 139 36
Mean 196 244 256 238
Standard Deviation 114 87 49 82
D or (W) 0.103 (0.972) 0.068 0.083
TABLE 3-3
SUMMARY DATA FOR ZDOT
ZDOT (100 ft/min) ZAB ZFW ZNY All
N 79 31 166 176
Maximum 38 10 20 38
Minimum -147 -228 -59 -228
Mean =24 -39 -17 -22
Standard Deviation 32 49 9 26
D or (W) 0.128 (0.656) 0.136 0.202
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TABLE 3-4
SUMMARY DATA FOR DVIN

DVIN (100 ft) ZAB ZFW ZNY All
N 79 31 166 276
Maximum 85.71 77 .47 74.21 85.71
Minimum -64.94 -23.00 -12.00 ~64.94
Mean 14.62 34.50 24,15 22.58
Standard Deviation 31.15 22.56 12.33 21.39
D or (W) 0.100 (0.981) 0.074 0.090
TABLE 3-5
SUMMARY DATA FOR DLIN
DLIN (nmi) ZAB ZFW ZNY All
N 79 31 166 276
Maximum 11.21 7.53 7.70 11.21
Minimum 0 0 ¢] 0
Mean 0.84 1.45 0.86 0.92
Standard Deviation 2.39 2.26 1.70 1.99
D or (W) 0.435 (0.692) 0.410 0.407
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aircraft has constant heading and ground speed. The statistics in Table
3-6 were computed for DELTALIN; Figures A-17 through A-20 and Tables B-17
through B-20 in Appendices A and B provide the empirical frequency and
cumulative distributions.

3.2.2.4 EMSAW Area Approach Pattern (APPROACH). Statistics were
collected describing how the aircraft was approaching the EMSAW area at
the time of the alert.

Figure 3-1 shows the altitude vs time plot for all the possible
approach cases. For approach case 1: DVIN > = 0, DLIN > 0, ZDOT
< 0 and penetration is predicted to be into the top of the EMSAW area.
For apprcach case 2: DVIN > = O, DLIN = 0, ZDOT < O, and penetration
is predicted to be into the top of the EMSAW area. For approach case 3:
DVIN < 0, DLIN > 0, and ZDOT > 0, and penetration is predicted to be
into the side of the EMSAW area. For approach case 4: DVIN < 0,
DLIN = 0, and ZDOT > O (the aircraft has already penetrated the EMSAW
area). For approach case 5: DVIN < 0, DLIN > 0 and ZDOT < = 0, and
penetration is predicted to be into the side of the EMSAW area. For
approach case 6: DVIN < O, DLIN = 0 and ZDOT < = O (the aircraft has
already penetrated the EMSAW area). For approach case 7: DVIN > = 0,
DLIN > 0, ZDOT < 0, and penetration is predicted to be into the side
of the EMSAW area. The most commonly observed approach for each center
was case 2.

Figures A-21 through A-24 and Tables B-21 through B-24 in Appendices
A and B provide the empirical frequency and cumulative distributions of
APPROACH.

3.2.2.5 Lateral Crossing Angle (XANGLE). Statistics were collected
describing the angle of intersection (0 < degrees < 90) between the
aircraft lateral velocity vector at the time of the alert and the side of
the EMSAW area that it intersects. The lateral crossing angle was
computed for all first alert cases (as defined in Section 3.1) where the
aircraft was laterally outside of the EMSAW area (predicted time to
lateral penetration greater than zero seconds) regardless of (1) the
predicted time to lateral exit, (2) the predicted time to vertical
penetration, and (3) how, or if, the aircraft actually penetrated the
EMSAW area.

The aircraft velocity vector at the time of the alert was derived
from the x and y velocities in the high speed printer message. The EMSAW
area configuration was determined using the Center's corresponding adapta-
tion data. Table 3-7 summarizes the statistics computed for XANGLE;
Figures A-25 through A-28 and Tables B-25 through B-28 in Appendices A and
B provide the empirical frequency and cumulative distributioms.
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TABLE 3-6

SUMMARY DATA FOR DELTALIN

DELTALIN (omi) ZAB ZFW ZNY All
N 79 31 166 276
Maximum 50.27 84.35 61.66 84.35
Minimum 0.19 2.79 1.98 0.19
Mean 16.39 33.91 21.80 21.61
Standard Deviation 12.55 22.55 14.16 15.66
D or (W) 0.153 (0.909) 0.180 0.160
TABLE 3-7
SUMMARY DATA FOR XANGLE
XANGLE ZAB 7FW ZNY All
) N 16 12 47 75
Maximum 89 81 89 89
Minimum 3 6 16 3
Mean 60 45 62 59
Standard Deviation 26 27 20 23
D or (W) 0.870 (0.926) (0.914) 0.126
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3.2.2.6 Lateral Span (LATSPAN). Statistics were collected describing
the possible span of angles that the aircraft could be heading and still be
predicted to laterally penetrate the EMSAW area within 120 seconds.
Figure 3-2 illustrates the definition of lateral span. In the illustration,
the aircraft can have a heading variation from 15 degrees to 120 degrees in
order to laterally penetrate the area within 120 seconds (assuming no accel-
eration). The lateral span in this case is 105 degrees (120 - 15). The
lateral span was computed for all first alert cases where the aircraft was
laterally outside of the EMSAW area (predicted time to lateral penetration
greater than zero seconds) regardless of (1) the predicted time to lateral
exit, (2) the predicted time to vertical penetration, and (3) how or if the
aircraft actually penetrated the EMSAW area.

The aircraft velocity vector at the time of the alert was derived from
the x and y velocities in the high speed printer message. The sides of the
EMSAW area that are penetrable within 120 seconds were determined using the
adaptation data. Table 3-8 provides summary statistics for LATSPAN; Figures
A-29 through A-32 and Tables B-29 through B-32 in Appendices A and B provide
the empirical frequency and cumulative distributionms.

3.2.2.7 Critical Lateral Angle (CRANGLE). Statistics were collected
describing the shortest possible change in heading that the aircraft could
make so as not to laterally penetrate the EMSAW area. Figure 3-2 also
illustrates the definition of critical lateral angle. In the illustrationm,
the aircraft can have a heading variation from 15 degrees to 120 degrees in
order to laterally penetrate the area within 120 seconds. Its actual head-
ing at the time of the alarm, as specified in the high speed printer output,
was 45 degrees which is closest to the 15 degree side of the span; therefore
the magnitude of the critical lateral angle is 30 degrees (45-15). A sign
convention was chosen such that a positive critical lateral angle indicates
that the critical lateral angle and the lateral crossing angle are part of
the same triangle. For the case illustrated however, the sign is negative.

The critical lateral angle was computed for all first alert cases where
the aircraft was laterally outside of the EMSAW area (predicted time to
lateral penetration greater than zero seconds) regardless of (1) the pre-
dicted time to lateral exit, (2) the predicted time to vertical penetration,
and (3) how, or if, the aircraft actually penetrated the EMSAW area.

The aircraft velocity vector at the time of the alert was derived from
the x and y velocities in the high speed printer message. The EMSAW sides
that were penetrable within 120 seconds were determined using the adaptation
data. Table 3-9 provides summary statistics for CRANGLE; Figures A-33
through A-36 and Tables B-33 through B-36 in Appendices A and B provide the
empirical frequency and cumulative distributions.
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TABLE 3-8

SUMMARY DATA FOR LATSPAN

LATSPAN (degrees) ZAB ZFW INY All
N 16 12 47 75
Maximum 180 238 208 238
Minimum 71 154 60 60
Mean 147 185 151 156
Standard Deviation 36 27 34 36
D or (W) (0.829) (0.880) (0.869) 0.157
TABLE 3-9
SUMMARY DATA FOR CRANGLE
CRANGLE (degrees) ZAB ZFW ZNY All
N 16 12 47 75
Maximum 84 87 61 87
Minimum =77 -61 -99 -99
Mean -11 -26 =40 =32
Standard Deviation 49 41 35 41
D or (W) (0.893) (0.759) (0.867) 0.160
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3.2.3 Aircraft Stability

Detection of an imminent MSAW violation is essentially trivial for
stable tracks, i.e., tracks that have little or no acceleration in the x,
y, and z dimensions. However, stable tracks that bring an aircraft very
close to the boundaries of an area are non-trivial cases as a result of
sensor and tracker inaccuracies. Detection of a violation for a flight
that is maneuvering (turning, beginning a climb or descent, or leveling
off) is much more difficult and is dependent on the timing and magnitude
of the maneuver. Since the MSAW function will be operating on both stable
and maneuvering aircraft, it should be tested with scenarios containing
both types of tracks.

Statistics were collected describing the aircraft's ground speed sta-
bility, heading stability, and vertical stability from the time of the
first alert to 180 seconds prior to the time of the first alert. The data
is presented in units of thirty second intervals prior to the alert;
therefore a heading stability measurement of 30 indicates that the air-
craft was stable in heading for the previous 30-59 second time interval.
The stability parameters were determined by examining the track reports
spanning the 180 seconds prior to the time of the alert.

3.2.3.1 Heading Stability (HDGSTAB). Statistics were collected
describing heading stability. An aircraft is considered to be stable in
heading if two successive radar reports indicate a deviation in heading by
no more than five degrees. For the combined Centers, most aircraft
(40 percent) were only stable for the interval zero to 29 seconds prior to
the alert. Figures A-37 through A-40 and Tables B-37 through B-40 provide
the empirical frequency and cumulative distributions of HDGSTAB.

3.2.3.2 Speed Stability (SPDSTAB). Statistics were collected des-
cribing the ground speed stability. An aircraft is considered to be
stable in ground speed if two successive radar reports indicate a devia-
tion in ground speed by no more than twenty knots. Most aircraft at ZAB
(44 percent) and ZFW (39 percent) were stable for the interval zero to 29
seconds prior to the alert. Most aircraft observed at ZNY (26 percent)
were stable for three minutes or more. Figures A-41 through A-44 and
Tables B-41 through B-44 provide the empirical frequency and cumulative
distributions of SPDSTAB.

3.2.3.3 Vertical Stability (VRTSTAB). Vertical Stability (VRTSTAB)
ig the time interval immediately prior to the alert for which the vertical
acceleration of the aircraft was zero. Since altitude tracker information
was not available for the ARTCC data, VSTAB was determined by: 1) extrac-
ting the Mode C reports from the track files for 180 seconds prior to the
alert; 2) curve fitting a line to the data for the 60, 90, 120, 150, and
180 second time intervals prior to the alert using least squares regres-
sion; 3) and finally, applying a Chi-square goodness of fit test to
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determine the linearity of the data. If the Chi-square test indicated
with 99 percent confidence that the Mode C reports changed linearly, the
aircraft was considered stable for that time period. For the combined
centers, most aircraft (74 percent) were vertically stable for three
minutes or more. Figures A-45 through A-48 and Tables B-45 through B-48
in Appendices A and B provide empirical frequency and cumulative distribu-
tions of VRTSTAB.

3.2.3.4 Overall Stability (STAB). STAB, overall stability,

represents the time interval for which the aircraft was stable in heading,
speed, and altitude prior to the alert. The time interval was determined
by the lesser of HDGSTAB, SPDSTAB, and VRISTAB for each alert. For each
center most aircraft were stable for the interval zero to 29 seconds prior
to the alert. Figures A-49 through A-52 and Tables B-49 through B-52 in
Appendices A and B indicate the empirical frequency and cumulative distri-
butions for STAB.

3.2.4 Environment

Environmental parameters include MSAW area characteristics, sensor
locations, and sensor performance characteristics. For performance
measurement, the encounter characteristics previously discussed define the
critical attributes of an MSAW area to be used for each scenario with the
exception of altitude. Due to the inconsistencies found in the field data
for altitudes above 15,000 feet, the altitude distribution of the
scenarios is considered to be important. Statistics for the minimum warn-
ing altitude (MWA) of each MSAW area involved in a conflict as well as for
the entire set of areas in each center are provided in Section 3.2.4.1.

Data regarding sensor performance characteristics were not collected
for this analysis. For the scenarios, the Contractor should select appro-
priate sensors and apply the sensor performance values that are specified
in Table 3.2-11 of the AAS SLS (FAA, August 19874). If the design of
the MSAW function utilizes reports from multiple radars, the Contractor's
simulation capability should allow for the specification of different
radar sites so that multiple radar data processing may be performed when
executing the scenarios.

Sensor and possibly MSAW performance may vary with the orientation of
an aircraft's flight path to the radar. In order to specify the orienta-
tion of an MSAW encounter to the sensor of interest, three attributes were
examined:

e Distance from the radar (RDIS),

e Bearing from the radar (RBEAR), and

e Angle from a radial heading (RANGLE).
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These attributes are illustrated in Figure 3-3 and are discussed in
Sections 3.2.4.2 through 3.2.4.4.

3.2.4.1 Minimum Warning Altitude (MWA). The statistics in Table
3-10 were computed for the Minimum Warning Altitude (MWA) associated with
each MSAW area involved in a conflict; empirical frequency and cumulative
distributions are provided in Figures A-53 through A-56 and Tables B-53
through B-56 in Appendices A and B.

The statistics in Table 3-11 are for the MWAs associated with all
EMSAW areas in each center; Figures A-69 through A-72 and Tables B-69
through B-72 illustrate the empirical frequency and cumulative distribu-
tions of the altitudes.

3.2.4.2 Distance from Radar (RDIS). The horizontal distance from
the closest radar (RDIS) was computed for the aircraft position given in
the alert message. In general, azimuth errors will increase as the
distance from the radar increases and is therefore a critical parameter.
The statistics in Table 3-12 were computed for RDIS. Tables A-57 through
A-60 and Figures B-57 through B-60 illustrate the empirical frequency and
cumulative distributions of RDIS in Appendices A and B.

3.2.4.3 Bearing from Radar (RBEAR). Taken alone, the bearing of an
aircraft to the sensor (RBEAR) is an insignificant parameter. However,
when combined with the distance and radial heading parameters the orienta-
tion of an MSAW encounter with respect to the sensor can be accurately
determined. The statistics in Table 3-13 were computed for RBEAR; Tables
A-61 through A-64 and Figures B-61 through B-64 provide empirical cumula-
tive and frequency distributions.

3.2.4.4 Angle from Radial Heading (RANGLE). The orientation of a
flight path to the sensor is a critical factor in the performance of the
horizontal tracker and thus the MSAW function. Tracker heading errors
dominate speed errors when the tracked aircraft flies radially with
respect to the sensor (toward or away from the sensor). Track speed
errors dominate heading errors when the tracked aircraft flies
tangentially with respect to the sensor (perpendicular to the sensor
radial). Figure 3-4 illustrates how RANGLE was defined for this
analysis. The direction of travel (away from or towards the sensor) is
not a critical parameter. Thus, RANGLE defined symmetrically about the
sensor radial, is the angle from 0° to 90° between the aircraft's heading
and the line between the aircraft's position and the sensor of interest.

Summary statistics for RANGLE are provided in Table 3-14; empirical
frequency and cumulative distributions are provided in Figures A-65
through A-68 and Tables B-65 through B-68 in Appendices A and B.
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TABLE 3-10
SUMMARY DATA FOR MWA
FOR AREAS INVOLVED IN CONFLICTS

MWA for areas involved
in conflicted (100 ft) ZAB ZFW ZNY All
N 79 31 166 276
Maximum 160 70 57 160
Minimum 40 30 17 17
Mean 94 37 26 47
Standard Deviation 25 8 7 34
D or (W) 0.116 (0.724) 0.285 0.258
TABLE 3-11
SUMMARY DATA FOR MWA
FOR ALL CENTER AREAS
MWA
(100 ft) ZAB ZFW ZINY All
N 189 69 71 329
Maximum 160 100 62 160
Minimum 38 20 17 17
Mean 90.6 42.69 36.41 68.86
Standard Deviation 24,89 18.96 11.60 33.21
D or (W) 0.093 0.19 0.124 0.116
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TABLE 3-12
SUMMARY DATA FOR RDIS

RDIS (nmi) ZAB ZFW ZNY All
N 79 31 166 276
Maximum 124.3 97.1 79.0 124.3
Minimum 9.4 21.3 1.7 1.7
Mean 64.5 49,0 49.9 54.0
Standard Deviation 19.4 21.16 15.8 18.7
D or (W) 0.127 (0.902) 0.129 0.079
TABLE 3-13
SUMMARY DATA FOR RBEAR
RBEAR (degrees) ZAB ZFW ZNY All
N 79 31 166 276
Maximum 352 343 340 352
Minimum 20 11 0 0
Mean 201 141 145 161
Standard Deviation 78 115 115 108
D or (W) 0.095 (0.844) 0.213 0.149
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TABLE 3-14

SUMMARY DATA FOR RANGLE

RANGLE (degrees) ZAB ZFW ZNY All

N 79 31 166 276

Maximum 38 89 90 90

Minimum 2 3 0 0

Mean 40 39 44 43

Standard Deviation 24 23 28 26
D or (W) 0.099 (0.959) 0.119 0.097
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4.0 TERMINAL MSAW ENCOUNTERS

An overview of the current terminal MSAW function and AAS AP
performance requirements is provided in Section 2. The data collection
effort and characteristics of terminal area MSAW encounters are described
in the following sectioms.

4.1 Terminal Data Collection

ARTS extractor tapes from the three TRACONs listed in Table 4-1
were used to obtain MSAW alert messages and track data. Statistics were
collected for only the current and predicted types of General Terrain
Warnings (GIWs). Insufficient GTWs based on projection of a 5 degree
climb and Approach Path Warnings (APWs) were found in the source data to
allow characterization of those types of encounters. Adaptation data for
the sample periods were also unavailable; however, the encounter
geometries for the GIW current and predicted violations may be recon-
structed using the data provided. Since the grid used for GIW adaptation
is centered at the radar and each bin is 2 nmi X 2 nmi, only the
orientation of the aircraft with respect to the radar is required to
define the encounter geometry.

Like the en route analysis, the alert messages were used to determine
the aircraft/area pairs studied. A first alert was defined, as it was in
the en route environment, as the first occurrence of a message for the
same aircraft/area pair. Since there were no interruptions longer than
one processing cycle of alert messages in the terminal data for the same
aircraft/area pairs, only the first alert for each pair was analyzed. The
alert messages themselves contained very little information. Only the
aircraft's altitude and the altitude at which the wviolation would occur
were extracted from the messages. Other characteristics were extracted
from track reports.

4.2 Terminal Area Encounter Characteristics

Statistics for the following characteristics are provided for the
terminal area encounters studied:

® Non-discrete

TGRNDSPD: Ground speed (Knots)

TZDOT: Altitude change rate (100 ft/min)

TDVIN: Vertical distance to MSAW altitude (100 ft)
TMWA: Minimum warning altitude (100 ft)

TRDIS: Distance from radar (nmi)

TRBEAR: Bearing from radar (nmi)
TRANGLE: Angle from radial heading (degrees)
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TABLE 4-~1
TERMINAL DATA SAMPLES

Date GTW Alerts Used
TRACON Sampled Duration For Analysis
Houston 5/9/86 3:35 53
Los Angeles 1/15/87 3:59 10
New York 5/1/86 1:40 28
Total 91

)



® Discrete

THDGSTAB: Heading stability (seconds)
TVRTSTAB: Vertical stability (seconds)
TSTAB: Total stability (seconds)

The characteristic's description, data source, and number of
observations are provided for each MSAW encounter characteristic
analyzed. The statistical mode is provided for each discrete
characteristic and the following information is provided for each
non-discrete characteristic:

® Mean Value

® Maximum and Minimum Values
® Standard Deviation

® Dor W

Appendix A contains the empirical frequency distribution of each
parameter in the form of a histogram. Appendix B contains the empirical
cumulative distribution of each parameter in the form of tables with
values for percentiles 1-100. Table C-5 through C-8 in Appendix C contain
matrices of correlation coefficients that indicate the degree to which
each parameter is correlated with each other parameter. Table D-2 in
Appendix D contains the data set from which the statistics provided in
this report have been computed.

4.2.1 Aircraft Motion

The following two parameters describe the aircraft motion at the time
of the alarm.

4.2.1.1 Ground Speed (TGRNDSPD). The ground speed of the aircraft
measured in knots, was computed for all first alert cases and was derived
from the x and y velocities found in the track data immediately prior to
the alert. Table 4-2 summarizes the statistics computed for TGRNDSPD;
Figures A-73 through A-76 and Tables B-73 through B-76 in Appendices A and
B provide the empirical frequency and cumulative distributioms.

4.2.1.2 Altitude Change Rate (TZDOT). TZDOT is the altitude
tracker's estimate of the altitude change rate for an aircraft in 100
ft/min and was extracted from the altitude tracking messages for this
analysis. The statistics in Table 4-3 were computed for TZDOT; Figures
A-77 through A-80 and Tables B-77 through B-80 in Appendices A and B
provide the empirical frequency and cumulative distributions.
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TABLE 4-2

SUMMARY DATA FOR TGRNDSPD

TGRNDSPD (knots) HOU LA NY All
N 53 10 28 91
Maximum 342 234 295.2 342
Minimum 93.6 75.6 86.7 75.6
Mean 161.3 124.2 171.8 160.5
Standard Deviation 51.3 57.3 48.2 52.3
D or (W) 0.169 (0.793) (0.959) 0.086
TABLE 4-3
SUMMARY DATA FOR TZDOT
TZDOT (100 ft/min) HOU LA NY All
N 53 10 28 91
Maximum 14.1 28.4 4,87 28.4
Minimum =33 -76.5 -63.22 -76.5
Mean -12.37 -9.5 -14.08 -12.5
Standard Deviation 9.24 29.63 11.88 13.46
D or (W) 0.080 (0.906) (0.760) 0.119




4.2.2 Aircraft Position

The following parameters describe the aircraft position relative to
the alert MWA and the radar tracking the aircraft. The aircraft altitudes
and MWAs used to compute the distance to vertical entry were taken
directly from the alert messages. Position relative to the sensor was
derived from track data. Note that orientation to the sensor is based on
magnetic north for the terminal area versus true north for the en route
environment.

4.2.2.1 Distance to Vertical Entry (TDVIN). TDVIN is the vertical
distance in hundreds of feet between the aircraft altitude at the time of
alert and the MWA. TDVIN is positive if the aircraft was above the MWA.
The statistics in Table 4-4 were compiled for TDVIN; Figures A-81 through
A-84 and Tables B-81 through B-84 in Appendices A and B provide the
empirical frequency and cumulative distributions.

4.2.2.2 Minimum Warning Altitude (TMWA). TMWA is the minimum
warning altitude in hundreds of feet associated with the grid bin that was
predicted to be violated. TMWA was extracted directly from the MSAW alert
messages. Table 4-5 provides a summary of the statistics computed for
TMWA; Figures A-85 through A-88 and Tables B-85 through B-88 in Appendices
A and B provide the empirical frequency and cumulative distributioms.

4.2.2.3 Distance from Radar (TRDIS). The distance from the radar
that was tracking the aircraft at the time of alert was extracted directly
from the track reports. The statistics in Table 4-6 were computed for
TRDIS; Figures A-89 through A-92 and Tables B-89 through B-92 in
Appendices A and B provide the empirical frequency and cumulative
distributions.

4.2.2.4 Bearing from Radar (TRBEAR). TRBEAR was also extracted
directly from the track reports for each aircraft. The statistics in
Table 4-7 were computed for TRBEAR; Figures A-93 through A-96 and Tables
B-93 through B-96 in Appendices A and B provide the empirical frequency
and cumulative distributions.

4.2.2.5 Angle from Radial Heading (TRANGLE). TRANGLE for the
terminal area is defined the same as RANGLE for the en route environment
(see Section 3) and was computed from data extracted from the track
reports. The statistics in Table 4-8 were compiled for TRANGLE; Figures
A-97 through A-100 and Tables B-97 through B-100 in Appendices A and B
provide the empirical frequency and cumulative distributioms.
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TABLE 4-4
SUMMARY DATA FOR TDVIN

TDVIN (100 ft) HOU LA NY All

N 53 10 28 91

Maximum -0.012 -0.475 21 21
Minimum -4.775 -9.36 -4.76 -9.36
Mean -1.043 -2.36 3.91 0.336
Standard Deviation -1.088 2.67 5.46 4.03
D or (W) 0.187 (0.698) (0.934) 0.325

TABLE 4-5

SUMMARY DATA FOR TMWA

TMWA (100 ft) HOU LA NY All
N 53 10 28 91
Maximum 14 29 23 29
Minimum 4 6 4 4
Mean . 6.5 15.8 9.5 8.4
Standard Deviation 3.30 9.40 4,13 5.36
D or (W) 0.266 (0.839) (0.780) 0.203




TABLE 4-6

SUMMARY DATA FOR TRDIS

TRDIS (nmi) HOU LA NY All
N 53 10 28 91
Maximum 29 24.1 21 29
Minimum 3.3 2.9 1.7 1.7
Mean 8.76 9.57 6.68 8.21
Standard Deviation 5.11 5.95 5.64 5.41
D or (W) 0.229 (0.843) (0.789) 0.197
TABLE 4-7
SUMMARY DATE FOR TRBEAR
TRBEAR (degrees) HOU LA NY All
N 53 10 28 91
Maximum 344.4 337.2 357.6 357.6
Minimum 64.2 18.5 3.156 3.16
Mean 247.56 231.1 164.8 220.3
Standard Deviation 110.2 132.8 130.94 123.8
D or (W) 0.391 (0.709) (0.806) 0.343




TABLE 4-8
SUMMARY DATA FOR TRANGLE

TRANGLE (degrees) HOU LA NY All
N 53 10 28 91
Maximum 83.57 76.3 84.04 R4.04
Minimum 1.05 1.5 3.95 1.05
Mean 26.19 28.5 36.38 29.59
Standard Deviation 21.72 27.7 28.36 24.74
D or (W) 0.261 (0.870) (0.857) 0.219

4,2.3 Aircraft Stability

Statistics were collected describing the heading and vertical
stability of the aircraft from the time of the alert to 105 seconds prior
to the time of the alert. Speed stability measurements were not included
as part of the terminal area study. The stability data is presented in
units of fifteen second intervals prior to the alert. For example, a
vertical stability measurement of 30 indicates that the aircraft had been
climbing/descending at a constant rate for at least 30 seconds prior to
the alert but less than 45 seconds. The parameters used to determine
stability were extracted from the aircraft track reports.

4.2.3.1 Heading Stability (THDGSTAB). THDGSTAB is the time interval
immediately prior to the alert for which the aircraft's heading remained
constant. The distributions for heading stability were obtained by
comparing an estimate of the aircraft's heading at various times before
the time of the MSAW alert message and an estimate of the aircraft's
heading at the time of the message. Given the accuracy of the heading
estimates which were based on several successive track headings, a
difference in heading of more than five degrees was considered a
statistically significant indication that the hypothesis of straight line
motion (stability) could be rejected. The statistical mode of THDGSTAB
for the entire set of terminal encounters studied was observed to be the
0-14 second interval for 30 percent of the encounters.

Figures A-10l through A-104 and Tables B-101 through B-104 in
Appendices A and B provide empirical frequency and cumulative
distributions of THDGSTAB.
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4.2.3.2 Vertical Stability (TVRTSTAB). VRTSTAB is the time interval
immediately prior to the alert for which the vertical acceleration of the
aircraft was essentially zero. The distributions for vertical stability
were obtained by comparing an estimate of aircraft climb/descent rates at
various times before the time of the MSAW alert message and an estimate of
climb/descent rate at the time of the message. These climb/descent rates
were estimated from several successive Mode C reports which had been
previously filtered through several non-causal smoothing filters. Given
the accuracy of the climb/descent rate estimates, a difference in rate of
more than 300 ft/min was considered a statistically significant indication
that the hypothesis of constant rate should be rejected. The statistical
mode for TVRTSTAB for the entire set of terminal encounters was observed
to be the time interval of 105 seconds and greater for 38 percent of the
encounters.

Figures A-105 through A-108 and Tables B-105 though B-108 in
Appendices A and B provide empirical frequency and cumulative
distributions of TVRTSTAB.

4.2.3.3 Overall Stability (TSTAB). TSTAB, overall stability for
terminal area aircraft, represents the time interval for which the
aircraft was stable in both heading and altitude change rate prior to the
alert. The time interval was determined by the lesser of THDGSTAB and
TVRTSTAB for each encounter. The statistical mode for the entire set of
terminal encounters was observed to be the 0-14 second interval for
28 percent of the encounters.

Figures A-109 through A-112 and Tables B-109 through B-112 in
Appendices A and B provide the empirical and frequency distributions for
TSTAB.






5.0 DATA LIMITATIONS

In order to appropriately assess the performance of the Contractor's
MSAW function, a realistic traffic mix that represents with accurate pro-
portions the entire spectrum of possible MSAW encounter situations is
needed. The data collection approach and analysis performed for this
study are limited in several areas relative to this goal. The purpose of
this section is to identify these limitations; Section 6 discusses how the
Contractor is to address them in order to fully assess the MSAW algorithm
designed for the AAS.

The sample size used for this analysis was small, largely due to the
attempt to draw a sample that was representative of different environ-
ments. Because of the small sample size, no conclusion can be made
regarding the degree to which the sample is representative of the entire
population of MSAW encounters.

Although the data is from actual reported MSAW encounters, it was
generated using the NAS and ARTS MSAW and tracking algorithms which have
documented limitations (Hauser, November 1979 and Lefferts, May 1980).
The most questionable data used were the altitude and altitude change rate
data from the alert messages. However they had to be used since the out-
put of the NAS altitude tracker was not available, limiting investigation
into the accuracy of the data. Three factors were identified in Section
3.1 as possible causes of these questionable data: altitude pressure
correction discontinuity, faulty altitude reports, and military high per~
formance aircraft. Any data that was considered to be affected by one or
more of these factors was omitted from the analysis. Particularly for
ZAB, these omissions involved an altitude range that may be critical
relative to MSAW. '

The source data represent only actual alert situations; thus there
may be difficulty in the construction of near-violation scenarios to be
used for performance evaluation of nuisance alerts. Scenarios generated
based on the statistics provided may include some that could result in a
nuisance alert, but the majority of the scenarios will involve situations
where an alert should be generated.

Some possible encounter geometries were not in the source data. For
example, an encounter in which the aircraft is predicted to ascend into
the side of an area was not observed. Other geometries such as an air-
craft ascending into the floor of an SUA were not available because the
current MSAW functions do not check for such vioclations. Additionally,
since the aircraft/area pairs studied were chosen by use of the current
ATC MSAW functions, situations for which the current functions missed
alerts are not reflected.



Insufficient data were available to analyze some parameters that
affect MSAW performance. These include turn rate, turn magnitude,
acceleration, and glide slope adaptation used for approach path warnings.

Lastly, the data collected was from the 1980's, yet the AAS will not
be implemented until the 1990's. Traffic, adaptation, and aircraft
characteristics may change, leading to different statistical distributions
than have been provided. Higher MSAW area and aircraft densities will
probably create more difficult MSAW encounter situations (in terms of
decision to call an alert) than currently exist.



6.0 PERFORMANCE MEASUREMENT

The information contained in this report provides characteristics of
a realistic traffic mix referenced in the Data Item Description
UDI-AAP-158 (FAA, August 19872) to be used by the AAS AP Contractor to
construct a set of realistic MSAW alert scenarios. These scenarios are to
be used as input to a Monte Carlo simulation model of the MSAW alert and
related functions so that performance results can be obtained. Statis-
tical distributions of the encounter characteristics provided in this
document are to be computed by the Contractor for the scenario set in
order to verify that they do not significantly differ (using a 95 percent
confidence interval) from those of the realistic traffic mix presented
here. To the extent that other parameters are necessary to define the
encounter scenarios, the Contractor should assume and justify statistical
distributions and provide documentation as part of the scenario descrip-
tions.

In order to provide a complete evaluation of the performance of the
MSAW function, the Contractor will need to generate scenarios in addition
to those based on the information contained in this study. However, the
performance results for scenarios based on this document are to be distin-
guished from results involving the supplemental scenarios. A sufficient
number of violation and near-violation scenarios should be constructed so
that the AAS performance requirements are met to at least a 95 percent
level of confidence. Since terrain is an important factor relative to the
MSAW function, statistical verification and results for the scenarios
based on the en route data should be presented separately by Center as
well as overall. The terminal area results should be presented as overall
totals.

The scenarios added by the Contractor should address the limitations
of this study identified in Section 5 and should include encounter situa-
tions not found in the Government provided traffic mix that demonstrate
unique features of the Contractor's design. Paragraphs 10.1.1 and 10.4 in
the Data Item Description (DID) UDI-S-FAA-268 (FAA, August 1987b) from
the AAS AP RFP specifically require that performance issues relative to
altitude pressure correction, altitude data validity checking, and track-
ing and separation assurance for high performance military aircraft be
addressed. These factors are considered important relative to the en
route data that was omitted from this study. The Contractor should gener-
ate scenarios that specifically address these factors and demonstrate the
performance and sensitivity of the MSAW function relative to each. The
data that was omitted from this study will be available to the Contractor
to aid in construction of realistic scenarios involving those factors.
Other supplemental scenarios should include encounters with SUAs, viola-
tions of terminal area approach paths, and a set of scenarios to be used
for evaluation of the nuisance alert rate.
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APPENDIX A

FREQUENCY DISTRIBUTIONS

This Appendix provides histograms of the observed distributions for
the encounter characteristics identified in Sections 3 and 4. Figures A-1
through A-72 are for the en route parameters; Figures A-73 through A-100
are for the terminal characteristics. These figures are provided for
informational purposes only; the tables in Appendices B through D should
be used for creating the scenarios and verifying that the set is
representative of a realistic traffic mix as presented in this paper.

In all figures, the X-axis denotes the midpoint of the interval for
which the histogram has been developed. For example, two consecutive
midpoints of .25 and .75 imply that the first interval spans the range
(0 - .50) and the second interval spans the range (.50 - 1.00). The
choice of midpoints for these figures is not significant.
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APPENDIX B

CUMULATIVE DISTRIBUTIONS

This Appendix provides the frequency and cumulative frequency distri-
bution tables of the encounter characteristics identified in Sections 3
and 4. Tables B-l1 through B-72 are for the en route parameters; Tables
B-73 through B-100 are for the terminal characteristics. This information
is useful for the random generation of scenario parameters.

For each observed value of a parameter, the following information is

provided: number of observations of that value (COUNT), frequency
percentage of the value (CELL), and cumulative frequency percentage (CUM).

B-1



GROUND SPEED
( KNOTS)

TABLE B-1
EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB

VARIABLE=GRNDSPD

FREQUENCY TABLE

CcuM

PERCENTS
1.3 70.9
1.3 72.2
1.3 73.4
1.3 74.7
1.3 75.9
2.5 78.5
1.3 79.7
1.3 81.0
1.3 82.3
1.3 83.5
1.3 84.8
1.3 86.1
1.3 87.3
1.3 88.6
1.3 89.9
1.3 91.1
1.3 92.4
1.3 93.7
1.3 94.9
1.3 96.2
1.3 97.5
1.3 98.7
1.3 100.0

242
246
251

VALUE COUNT CELL
1

PERCENTS
CUM
1.3 36.7
1.3 38.0
1.3 39.2
1.3 40.5
1.3 41.8

142
143
144
145
150

VALUE COUNT CELL
1
152

PERCENTS
CUM
1.3

VALUE COUNT CELL
1 1.3

1.3
1.3
1.3
1.3
2.5

36
37
39
41

2.5
3.8

5.1

256
265
271

1
2
1

6.3

48
56

43.0
1.3 44.3
1.3 45.6
1.3 46.8
1.3 48.1

8.9
10.1

2
1
1

273

155
158
160

1.3

275
307

1.3 11.4
1.3 12.7
1.3 13.9

1.3

68
69

1
1

309
334
339
341
342
346
369
388
396
403
439
444
476
519

1

161

75
76

49 .4
1.3 50.6
1.3 51.9
1.3 53.2
2.5 55.7
1.3 57.0
1.3 58.2
2.5 60.8
1.3 62.0
1.3 63.3
1.3 64.6
1.3 65.8
1.3 67.1
1.3 68.4
1.3 69.6

169
170
172
177

15.2

1
1
1

1

16.5
1.3 17.7

1.3

78
80

1

19.0

81

2

184
188
195
214

1.3 20.3
1.3 21.5

1.3

82
100
102
104
118
119
123
127
128
133
134

1

22.8

24.1

1.3

216
217
226

2.5 26.6
1.3 27.8
1.3 29.1
1.3 30.4
2.5 32.9

1.3

2
1
1
1

1
1
1
1

1

228
236
237

1
1

34.2

241

1.3 35.4

1
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(KNOTS)

TABLE B-3
EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY
GROUND SPEED

VARIABLE=GRNDSPD

FREQUENCY TABLE

PERCENTS

CUM
3.6 71.1
1.2 72.3
1.2 73.5
1.2 74.7
1.8 76.5
2.4 178.9
0.6 79.5
1.8 81.3
0.6 81.9
0.6 82.5
0.6 83.1
0.6 B83.7
1.2 84.9
0.6 85.5
1.2 86.7
0.6 87.3
1.2 88.6
0.6 89.2
1.2 90.4
0.6 91.0
0.6 91.6
1.2 92.8
0.6 93.4
0.6 94.0
0.6 94.6
0.6 95.2
0.6 95.8
0.6 96.4
0.6 97.0
0.6 97.6
0.6 98.2
0.6 98.8
0.6 99.4
0.6 100.0

279
280

VALUE COUNT CELL
6

CuM

1.2 28.9
0.6 29.5
0.6 30.1
0.6 30.7
0.6 31.3
2.4 33.7
1.2 34.9
1.2 36.1
1.8 38.0
0.6 38.6
1.8 40.4

1.2

PERCENTS

230
231

VALUE COUNT CELL
2

PERCENTS
CuM
0.6

VALUE COUNT CELL
1

0.6

139
141
150
164

1.2
1.8

0.6
0.6

2
2

281

232
233
234

285
287
288
289
291

3.0
3.6
4.2
4.8
6.0
6.6
7.2
7.8
8.4

1.2
0.6
0.6
0.6

170
181
186

235
236

1

237
239
240
242
243

1.2
0.6
0.6
0.6
0.6
0.6

191

292
293
294

193
194
197

295
296
297
298

41.6

198
199
200
203
204

1.2 42.8

2.4

244
246
247

9.0

45.2

1.2 10.2
1.2 11.4
0.6 12.0
1.2 13.3
1.2 14.5
0.6 15.1
0.6 15.7
1.2 16.9
0.6 17.5

2

0.6 45.8
1.8 47.6
3.0 50.6
1.2 51.8
1.8 53.6
1.2 54.8
0.6 55.4
1.2 56.6
1.8 58.4
1.2 59.6
0.6 60.2
0.6 60.8
0.6 61.4
0.6 62.0
0.6 62.7
1.2 63.9
0.6 64.5
1.2 65.7
06 66.3
1.2 67.5

1

299
302
303
306
308

3

249

2
1

250
252

205
207
210
211
212

253

256
260
261

1

309
311
312

1

213
214

3

263

18.1
1.8 19.9
0.6 20.5
0.6 21.1
1.2 22.3
1.2 23.5
0.6 24.1
0.6 24.7
0.6 25.3
0.6 25.9
0.6 26.5
1.2 27.7

313
317

264

215
217
219
221

266
267
268

1
1

325
332
354
363

1
1

1

269
270
272

273

1

223
224

1

373
407
426
428
463

2

1
1

275
277

1
1

1
2

278

2

229



(KNOTS)

-TABLE B-4

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED

GROUND SPEED

VARIABLE=GRNDSPD

FREQUENCY TABLE

PERCENTS
CUM
0.7 34.1
0.4 34.4
1.1 35.5
0.7 36.2

0.7

217
219
221

VALUE COUNT CELL
2

CuM

PERCENTS
0.4 15.6
0.4 15.9

152
155
158
160
161
164
169

VALUE COUNT CELL
1

PERCENTS
CuM
0.7

VALUE COUNT CELL
2

0.7
0.4

36
37
39
41
48

1
3
2

1

1.1
1.4
1.8

16.3
0.4 16.7
0.4 17.0
0.7 17.8
0.4 18.1
0.7 18.8
0.4 19.2
0.4 19.6
0.4 19.9
0.4 20.3
1.1 21.4
0.4 21.7

0.4

0.4

222
223
224

1
1
2

0.4

37.0

2.2
2.9
3.3
3.6
4.0
4.3
4.7

0.4

0.4 37.3
0.4 37.7
0.4 38.0

0.4

0.7

56
66
68

225
226
2217
228
229

0.4
0.4

170
172

38.4

0.4

69

0.7 39.1
0.7 39.9

40.6
0.4 40.9
0.4 41.3
0.4 41.7
0.4 42.0
1.4 43.5
1.1 44.6
1.1 45.7
1.4

2
2
2

230
231

1
1
1

177
178
181

5.1

0.4
0.4
0.4

75
76
78

B-5

1
1

1

5.4

0.4

80
81

232
233
234

186
188
191
1
1

5.8
6.2
6.5
6.9
7.2
7.6
8.0
8.7
9.1

0.4

22.1
0.7 22.8
0.4 23.2
0.4 23.6
0.4 23.9
0.4 24.3
0.4 24.6
0.4 25.0
0.7 25.7
1.1 26.8
0.4 27.2
0.7 27.9
0.7 28.6
0.4 29.0
0.4 29.3

0.4

0.4

82
86
95
100
102
104

0.4

4
3
3

235
236
237
239

93

0.4
0.4

195
197
198

199

0.4

47.1

0.4

0.4 47.5

0.4

240
241

0.7
0.4

118
119

17.8

1
2
3

49.3
0.7 50.0
0.7 50.7
1.8 52.5
0.4 52.9

1.4

242
243

200
203
204

9.4

0.4

123
127

2
2
5
1

9.8
10.5

0.4

244
246
247

0.7

2
1

128
133
134

205
207

0.4 10.9

0.4

2
1
1

11.2

54.3

249
250

210
211

11.6
0.7 12.3

0.4
0.4

139
141

2.2 56.5
0.4 56.9
0.7 57.6
1.1 58.7

6

1.1 30.4 251
0.4 30.8

3
1

212
2

12.7

2
3

252
253

13

0.4 13.0
0.7 13.8

0.4

1

1

31.9

1.1
1.1

214

2

144
145

59.8
0.4 60.1

1.1

256
258

215 33.0
0.4 33.3

216

14.1

1

1

15.2

3

150
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TABLE B-8

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED

(100 FT/MIN)

ALTITUDE CHANGE RATE

VARIABLE=ZDOT

FREQUENCY TABLE

PERCENTS PERCENTS

PERCENTS

VALUE COUNT CELL
1

CuM
4.7 65.9
4.0 69.9
4.0 73.9
2.5 76.4
4.0 80.4
1.8 82.2
1.4 83.7
1.8 85.5
1.1 86.6
2.5 89.1
1.1 90.2
1.8 92.0
0.7 92.8
3.6 96.4
0.4 96.7
0.4 97.1
0.4 97.5
0.4 97.8
0.4 98.2
0.4 98.6

0.4

~14
-13
-~12
-11
-10

VALUE COUNT CELL
13

CuM
12.0

1.1

-40
-39
-38
-37
-35
-34
-33
-32
-30
-29
-28
=27
-26
-25
-24
-23
=22
-21

VALUE COUNT CELL
3

cuM
0.4

0.4

-228
-151
~-147
-146
-123

11

0.7 12.7

2

0.7
1.1
1.4
1.8
2.2
2.5
2.9

0.4

11

13.0
0.7 13.8

0.4

0.4
0.4

2

11

15.2
1.4 16.7

1.4
0.4

0.4

1

4

0.4

17.0

0.4
0.4

1
1

-93
-80
-73
=71
-67
-61
-60
-59
-58
-57
-56
=55
-54
~-50
-47
~-44
-43
-42

-7

18.5
1.8 20.3
0.4 20.7
1.8 22.5
1.1 23.6
1.8 25.4
1.4 26.8
1.1 27.9
2.2 30.1
2.5 32.6
1.1 33.7
4.3 38.0

1.4

3.3

0.4

-5

1

3.6
4.0
4.3
4.7
5.1

0.4

0.4

3
5

0.4
0.4

10

0.4

5.4

0.4

5.8
6.2

0.4

7

0.4

6.5
6.9
8.3

0.4
0.4

12

18
20
29
35
38

40.9
2.9 43.8

5.4

-19
-18
-17
~16

1.4
1.4
0.4

98.9

8
15
14
19

9.8
10.1

0.4 99.3
0.4 99.6
0.4 100.0

1
1
1

49.3

5.1 54.3
6.9 61.2

10.5

0.4

10.9

0.4



DISTANCE TO VERTICAL ENTRY
{ HUNDREDS OF FEET)

TABLE B-9
EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB

DVIN

VARIABLE

FREQUENCY TABLE

PERCENTS

VALUE COUNT CELL

PERCENTS

PERCENTS

CuUM

CUM

44.3

cuM

1.3
2.5

VALUE COUNT CELL

VALUE COUNT CELL

1.3 73.4
1.3 74.7
1.3 75.9
1.3 77.2
1.3 78.5
1.3 79.7
2.5 82.3
1.3 83.5
1.3 84.8
1.3 86.1
1.3 87.3
1.3 88.6
1.3 89.9
1.3 91.1
1.3 92.4
1.3 93.7
1.3 94.9
1.3 96.2

1
1

32

33.18

3 3.8

2

1.3
1.3

1

-64.94

45.6
1.3 46.8

-61.75
-56.75

1
1
1

34

34.5
37.15
41.25

48.1
49.4

1
1
1

8.34

3.8
5.1
6.3

1.3
1.3
1.3

1
1
1

-33.44
-26
-20

-18.32

B-11

1

10
11
12

7.6
12.84

1.3
1.3

1.3 51.9
1.3 53.2
1.3 54.4
1.3 55.7
1.3 57.0
1.3 68.2
1.3 59.5
1.3 60.8
1.3 62.0
1.3 63.3

8.9

1
1

1

50.59
50.96

1.3 10.1

1.3

-17

1
1

1

11.4

-15
-14
-13
-10
-9.63

13.59 1 51

1.3 12.7

1

1

56

57
59.4
60.21

14
14.28

1

1.3 15.2
1.3 16.5
1.3 17.7

1
1
1

15
16
17.96
18.46
19.37

1
1

1

-9

65.78

1
1

19.0
6.3 25.3
1.3 26.6
3.8 30.4
2.5 32.9
2.5 35.4
1.3 36.7
3.8 40.5

67
68.65

-5

1
1
1

64.6
1.3 65.8
1.3 67.1
1.3 68.4
1.3 69.6
2.5 72.2

1.3

1

~
&

71
71.28

1
1
1
1
2

23.06

3
2
2
1

-1.5

24
24.21

1.3 98.7
1.3 100.0

79

85.71

1

25
30

0.5

3
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DISTANCE TO VERTICAL ENTRY
(HUNDREDS OF FEET)

TABLE B-11
EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY

VARIABLE=DVIN

FREQUENCY TABLE

PERCENTS

VALUE COUNT CELL

PERCENTS

VALUE COUNT CELL

PERCENTS

VALUE COUNT CELL

CUM

CuM

CuM

0.6
1.2
3.0

3.0 60.8
1.2 62.0
0.6 62.7
0.6 63.3
0.6 63.9
0.6 64.5
0.6 65.1
0.6 65.7
0.6 66.3
0.6 66.9
0.6 67.5
0.6 68.1
0.6 68.7
0.6 69.3
0.6 69.9
0.6 70.5
0.6 71.1
0.6 71.7
0.6 72.3
0.6 72.9
0.6 73.5
0.6 74.1
0.6 74.7
0.6 175.3
1.2 76.5
0.6 77.1
1.2 78.3
0.6 78.9
0.6 79.5
0.6 80.1
2.4 82.5
0.6 83.1
0.6 83.7
0.6 84.3

5
2
1
1
1
1
1
1

26

26.59
26.78

0.6 24.1

1
q

16
16.93

0.6
0.6
1.8
0.6
0.6
0.6
0.6
0.6

1

-12

3.0 29.5

26.9

30.1
1.2 31.3
0.6 31.9
1.2 33.1
1.8 34.9
0.6 35.5
0.6 36.1
0.6 36.7

1
2

17.68
17.93

3.6

1.34
1.62

27

27.03
27.62
27.87

4,2
4.8

5.4

18

6.0

4.46

1
1
1
1

27.9
27.96

28.12

1
1
1
4

20.43
20.5
20.78
21
21.25

6.6
7.2
7.8
8.4

0.6
0.6
0.6
0.6
0.6
0.6
1.2

8.46
8.5

B-13

1
1
1
1

28.34

0.6 39.8

0.6
0.6
1.2

1

9.0

9.87
9.96

28.78
28.81
28.87

40.4

21.5
21.65

9.6
10.8

41.0

1

2

10
10.5

42,2

22
22.03

11.4
0.6 12.0
0.6 12.7
0.6 13.3
0.6 13.9

1
1

28.9
28.96

42.8
0.6 43.4
1.8 45.2

1
1

1
1

11
11.9

22.68

12
12.68
13.56
13.62
13.87
14.18
14.46
14.56
14.71
14.84
14.87

29.9

46.4
1.2 47.6

2

23.43

1
1
1

23.5
23.78
23.93

14.5
0.6 15.1
0.6 15.7
0.6 16.3
1.2 17.5
0.6 18.1
0.6 18.7
0.6 19.3
0.6 19.9
0.6 20.5
1.2 21.7
0.6 22.3
0.6 22.9
0.6 23.5

0.6

1

30.34

48.2
0.6 48.8
1.2 50.0
0.6 50.6
0.6 51.2
0.6 51.8
0.6 52.4
0.6 53.0
1.8 54.8
1.2 56.0
0.6 56.6

1
1

31
31.59
31.711
31.96

1
1

1

2
1

2
1

24.18

2
1
1
1
1
1
2
1

1
1
1
1

24.5
24.81

1

32.15

24.93
24.96

32.5
32.59

1
4
1

14.9

33
33.81

2
1
1
1

25.46

25.5
25.65

25.93

15.56
15.87

15.93

1
1

33.9

33.93

0.6 57.2
0.6 57.8

1
1



b'96 9°0 1 65 LY 0°16 ¢T°1 ¢ 8¢

8°66 9°0 1 60" V¥ 868 9°0 1 £9°LE
0°00T 9°0 1 1L T°66 90 1 96°Ch ¢°68 9°0 1 LE
v'e6 9°¢ 1 90°69 9°v6 9°0 1 [4% : 9'88 9°0 1 9t
8°86 9°0 1 SL765 o've ¢1 ¢ ov 0'8g 9°0 1 V8 St
¢'86 9°0 1 96° 15 g't6 9°0 1 96°6¢ €8 9°0 1 SLTVE
9°t6 9°0 T 15 ¢°t6e 9°0 1 8L7 6t L7988 9°0 1 65" Ve
0°'t6e 9°0 1 90" 8¥ 9°16 9°0 1 6€ 1T°98 81 ¢ 23
Wno TIID  INNOD JANTYA WNO 1130 INNOD ANTYA WD 113D INNOD ANTIVA
SINIOHAd SINIDYAd SINEDYAd

(*INOD) T19VL ADNANOTUA

NIAQ=319VIdVA

(@aIanNIONOD)
(1394 A0 SAHYANNH)
AIINA TVOIIMAIA OL AONVLSIA
ANZ ¥0Jd SOILSINAIOVHVHD HAINNOONA MYSWA
179 F19vL

B-14



TABLE B-12

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED

DISTANCE TO VERTICAL ENTRY
(HUNDREDS OF FEET)

VARIABLE=DVIN

FREQUENCY TABLE

PERCENTS

PERCENTS
VALUE COUNT CELL CUM

PERCENTS

VALUE COUNT CELL

-64.94

cumM
0.4 19.2
0.4 19.6
0.4 19.9

VALUE COUNT CELL

CUM

0.4

35.5
1.8 37.3

1.4

4

16.93

1

8.18
8.34
8.46

0.4

1

0.7

0.4

-61.75
-56.75

1
1
1
2
1
2
1

17.62
17.68
17.711

1.1
1.4

0.4

0.4 38.0
0.4 38.4
0.7 39.1

0.4

20.3

0.4

8.5

0.4

1

-33.44

20.7
0.4 21.0
0.4 21.4
1.1 22.5
0.4 22.8
0.7 23.6
0.4 23.9
0.7 24.6

0.4

1.8
2.2

0.4

-26
=23
-20

-18.32

17.93

1
1

9.87
9.96

0.4

39.5

17.96

2.5
2.9
3.3

0.4

0.7 40.2

18
18.46

3
1

10
10.5

0.4

1

40.6
0.7 41.3

0.4
0.4

0.4

-17

19
19.37

11
11.9

3.6
4.0
4.3
4.7
5.1

0.4

-15
-14
-13
-12
-10
-9.63

41.7

1

0.4
0.4
0.4

1.1 42.8
0.4 43.1
0.4 43.5
0.4 43.8
1.4 45.3

0.4

3
1

20

20.43

25.0
0.4 25.4
0.4 25.7
0.4 26.1

0.4

1
1
1
1

12.68
12.84
13.56
13.59
13.62
13.87

20.5
20.78

0.4

1

5.4

0.4

1

5.8

0.4

45.7

1

21.25

26.4
0.4 26.8

6.5
8.3

0.7

0.4 46.0

21.5
21.65

1

1.8.
0.4
1.1
0.7
0.4

1

27.2
0.4 27.5
0.4 27.9
0.7 28.6

0.4

14
14.18
14.28
14.46
14.56
4.

8.7

-1.5

0.7 47.1

1
1

9.8
10.5

22.03
22.68

2

2
1

10.9

-0.1

1.1 48.9

0.4 29.0
0.4 29.3

0.7 11.6
0.4

2

49.3
0.7 50.0
0.7 50.7
0.4

1
2

23.06
23.43

1

1

12.0

0.5

29.7

0.4

14.84
14.87

2.2 14.1
0.4 14.5

23.5
23.78

30.1
0.4 30.4
1.1 31.5
0.4 31.9

0.4

1.34

51.1

1
1

14.9

14.9
0.4 15.2
1.4 16.7
0.4 17.0

0.4

0.4

1.5
1.62

0.4 51.4
1.4 52.9
0.4 53.3
0.4 53.6
0.4 54.0
0.4 54.3
0.4 54.7

23.93

3
1

15

15.56
15.87

15.93

1

4

1
1

24.18

32.2
0.4 32.6
0.7 33.3

0.4

24.21

1
2
1
1

17.4

24.5
24.81

16

16.53
16.71

17.8
0.7 18.5
0.4 18.8

0.4

1
1

33.7

0.4

2
1

24.93

34.1

0.4



TABLE B-12

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED

DISTANCE TO VERTICAL ENTRY

(HUNDREDS OF FEET)

( CONCLUDED )

VARIABLE=DVIN

FREQUENCY TABLE (CONT.)}

PERCENTS PERCENTS

PERCENTS

VALUE COUNT CELL CUM
1

CUM
0.4 88.0
0.7 88.8
0.4 89.1
0.4 89.5
0.4 89.9

0.4

1

VALUE COUNT CELL

46.59

cuM
0.7 72.1
0.4 72.5
1.1 73.6
0.4 73.9
0.4 74.3
0.4 74.6

0.4

VALUE COUNT CELL
2

31.71
31.96

55.1

0.4

24.96

47
47.59
48.06
49.65
49.78
50.59

1

25

25.18

1
1
1
1
1
1

0.4 56.9
0.7 57.6
0.4 58.0
0.4 58.3

0.4

1
2

1
1

32.15
32.18

25.46

25.5
25.65

90.2

32.5
32.59

1

0.4 90.6
0.4 90.9
0.7 91.7
0.4 92.0
0.4 92.4
0.4 92.8
0.4 93.1

75.0

1
4
1
1

58.7

25.9
25.93

50.96

1.4 76.4
0.4 76.8
0.4 77.2
0.4 77.5

0.4

59.1

0.4

1

33.18
33.81

1.8 60.9
0.7 61.6
0.4 62.0

26

26.59

1
1
1
1

51.71
51.96

52.31

2
1

33.9
33.93

26.78

77.9

1

62.3
0.4 62.7
0.7 63.4
0.4 63.8
0.4 64.1
0.4 64.5

0.4

26.9

53.87

79.3
0.4 79.7

1.4
0.4

34
34.5
34.59
34.75
35.84

27
27.03
27.62

27.87

93.5

0.4

56
57
59.06

1
1

2
1
1

93.8
0.4 94.2
0.4 94.6
0.4 94.9
0.4 95.3
0.4 95.7
0.4 96.0

0.4
0.4

80.1

1

0.4 80.4

1
1

59.4
59.75

60.21

80.8
0.4 81.2
0.4 81.5
0.4 81.9
0.4 82.2
0.7 83.0
0.4 83.3
0.4 83.7
0.4 84.1
0.4 84.4
0.7 85.1
0.4 85.5
0.4 85.9

0.4

27.9
27.96

1
1
1
1
1

36
37
37.15
37.53

64.9

0.4

0.4

65.2
0.4 65.6
0.4 65.9
0.4 66.3

28

28.12

61.18

1
1

1

1
1

28.34

96.4

65.78

28.59
28.68
28.78

28.81

96.7

0.4

1

38.28

0.4 66.7

1
1

97.1
0.4 97.5
0.4 97.8
0.4 98.2
0.4 98.6
0.4 98.9
0.4 99.3

1 0.4

1
1

68.65
68.68
69.06

39

39.78
39.96

67.0

0.4

1
1

67.4
0.4 67.8
0.4 68.1
0.4 68.5
0.4 68.8
0.4 69.2

0.4

1

28.87

71
71.28
74.21

77.46

40
41.25

28.9
28.96

1

1

1

1

1

42

42.46
42.96

29
29.9

86.2
0.4 86.6
0.4 87.0
0.4 87.3

0.4
0.4

1
1
1
1

1

99.6
0.4 100.0

0.4

79

85.71

70.3

1.1
0.4

0.4

30

30.34

1

43.56
44.09
45.81

70.7

1

71.0

31
31.59

87.7

1

71.4

0.4

1
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(0 <= DEGREES <= 90 )

TABLE B-27
EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY
LATERAL CROSSING ANGLE

XANGLE

VARIABLE

FREQUENCY TABLE

PERCENTS

PERCENTS

VALUE COUNT CELL

PERCENTS

cuM
4.3 66.0
2.1 68.1
6.4 74.5
2.1 76.6
2.1 78.7
2.1 80.9
6.4 87.2
4.3 91.5
4.3 95.7
2.1 97.9
2.1 100.0

VALUE COUNT CELL

CUM
34.0
2.1 36.2
2.1 38.3
2.1 40.4
2.1 42.6

CUM

2.1
4.3

6.4

VALUE COUNT CELL

2
1

73

4.3

2
1

54

2.1
2.1
2.1
2.1

1

16
20
22
24

57

78

1

58

1

80

59

8.5
2.1 10.6
2.1 12.8

2.1

83

44.7
2.1 46.8
4.3 51.1

1
1
1

60
61
65

14.9

1
1
1

1

2
38
44
46
47
49

B-31

84
85

66

2.1 17.0
2.1 19.1
4.3 23.4
4.3 27.7
2.1 29.8

68

4.3 57.4
2.1 59.6
2.1 61.7

69
71

1

89

1

72

1



TABLE B-28

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED

LATERAL CROSSING ANGLE

(0 <= DEGREES <= 90 )

VARIABLE=XANGLE

FREQUENCY TABLE

CUM

PERCENTS
2.7 61.3
4.0 65.3
4.0 69.3
1.3 70.7
4.0 74.7
4.0 78.7
1.3 80.0
2.7 82.7
2.7 85.3
4.0 89.3
2.7 92.0

72
73
74

VALUE COUNT CELL
2
3
3

1.3 32.0
1.3 33.3
2.7 36.0
1.3 37.3
2.7 40.0
2.7 42.7

PERCENTS

VALUE COUNT CELL CUM
1
1
2

52
53
54

CuM
1.3
2.7
5.3

PERCENTS

VALUE COUNT CELL
1 1.3
1
2

1.3
2.7
2.7
1.3

3
6
13

B-32

1

75
18
79
80
81

55
56

8.0
9.3
1.3 10.7
1.3 12.0
1.3 13.3

2.7

16
20
21

1

44.0
1.3 45.3
1.3 46.7
1.3 48.0
1.3 49.3
1.3 50.7
2.7 53.3
1.3 54.7
2.7 57.3
1.3 58.7

58
59
60

22

2
2

1

1

1

82

16.0

2

83

61

17.3

1.3

32
37
38
44
46
47
49

84
85

63

2.7 20.0
1.3 21.3
1.3 22.7

2

4,0 96.0
1.3 97.3
2.7 100.0

3
1
2

65
66
68

86
89

1

2.7 26.7
4.0 30.7

2
3

1
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TABLE B-32

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED

LATERAL SPAN

(0 < DEGREES <= 180 )

=LATSPAN

VARIABLE

FREQUENCY TABLE

PERCENTS
VALUE COUNT CELL CUM
1 1.3 68.0
2 2.7 70.7
1 1.3 72.0
2.7 14.7
5.3 80.0
8.0 88.0
1.3 89.3
1.3 90.7
1.3 92.0
1.3 93.3
2.7 96.0
1.3 97.3
1.3 98.7
1.3 100.0

173
174
175
176
178

cuM
1.3 26.7
1.3 28.0
2.7 30.7
4.0 34.7
1.3 36.0
2.7 38.7
1.3 40.0
4.0 44.0
1.3 45.3
4.0 49.3
1.3 50.7
5.3 56.0
5.3 61.3
4.0 65.3
1.3 66.7

PERCENTS

148
149
150

PERCENTS
CuM VALUE COUNT CELL
1.3 1
2.7 1
4.0 2

VALUE COUNT CELL
1
1
1

1.3
1.3
1.3

60
62
71

B-36

152

5.3
8.0

9.3

1.3
2.7
1.3

73
74

1

154
156
157
158
160
162
164
166
168
170
172

6

180
182
186

84
110
116
122

1.3 10.7
1.3 12.0
2.7 14.7
2.7 17.3
1.3 18.7
1.3 20.0
2.7 22.7
1.3 24.0
1.3 25.3

1

1

190

1
2

194
202

2

130
131

208
234

4

1
1

136

238

142
146

1

1
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TABLE B-36

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED

CRITICAL LATERAL ANGLE

(DEGREES)

CRANGLE

VARIABLE

FREQUENCY TABLE

PERCENTS
VALUE COUNT CELL CUM
1 1.3 78.7
1.3 80.0
1.3 81.3
1.3 82.7
1.3 84.0
1.3 85.3
1.3 86.7
1.3 88.0
1.3 89.3
2.7 92.0
1.3 93.3
1.3 94.7
1.3 96.0
1.3 97.3
1.3 98.7
1.3 100.0

-13

CuM

PERCENTS
2.7 50.7
1.3 52.0
2.7 54.7
1.3 56.0
1.3 57.3
2.7 60.0
1.3 61.3
1.3 62.7
1.3 64.0
2.7 66.7
1.3 68.0
1.3 69.3
1.3 70.7
2.7 73.3
2.7 76.0

-45

VALUE COUNT CELL
2

CuM
1.3

PERCENTS

VALUE COUNT CELL

1 1.3

-99
-79

2.7
5.3
8.0

1.3
2.7
2.7

-77
-73
-7
-67
-65
-63
-61
-59

B-40

-37
-35
-34
-33
-32
-31

2.7 10.7
4.0 14.7
4.0 18.7
1.3 20.0
4.0 24.0

6.7

2
3

1

23
25
27

1
3
5

1

29
55

30.7

1
1
1

32.0

1.3
1.3

~55
-54
-53
-51
-49
-47

61

-23
-20
-19
~17
-15

33.3

67

4.0 37.3

3

70
84

38.7

1
1

2

44.0

5.3
4.0

77.3

1.3

48.0

3
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TABLE B-56
EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED
MINIMUM WARNING ALTITUDE
(HUNDREDS OF FEET)

MWA

VARIABLE

FREQUENCY TABLE

PERCENTS

PERCENTS

PERCENTS

CUM
0.4 84.8
1.8 86.6
0.7 87.3
2.9 90.2
1.1 91.3
1.1 92.4
1.1 93.5
0.4 93.8
0.7 94.6
0.4 94.9
0.4 95.3
0.4 95.7
0.4 96.0
3.3 99.3
0.7 100.0

VALUE COUNT CELL

cum
1.4 721
1.1 73.2
0.4 73.6
1.1 74.6
0.4 75.0
0.4 75.4
0.4 75.7
0.4 76.1
0.4 76.4
0.7 7.2
0.7 77.9
0.4 78.3
0.4 78.6
2.2 80.8
0.4 81.2
2.9 84.1
0.4 84.4

VALUE COUNT CELL

CuM

1.4
15.2

VALUE COUNT CELL

1
5
2
8

94

95

98
100
103
105
106
110
113
115
117

4
3
1
3

15.9

55 19.9 35.9

23

15.6

1.4

38 13.8
0.4
0.4

4

17

9
20
22

B-51

1
1

61

25
26
27

8.3 44.2

3

65
68

49.6
1.8 51.4
2.9 54.3

1
1
2

5
8

28
30
31

74

54.7
3.6 58.3
0.7 59.1
7.6 66.7
2.2 68.8
0.7 69.6
0.4 69.9
0.7 70.7

0.4

1
1
1
9

2
1

76
77
80
86
88

10

118
127

21

40

128
160

2

1

91

2

48



oroot €°T 1 £ et 9°69 €T 1 87 0L v'se 8t ¢ 6765
L'g6 €T 1 £7L0T v'g9 €1 1 <89 9°1€ €T 1 L"6S
S°L6 €1 1 v yoT L9 €1 1 L L9 p'oe €1 1 G766
2°9% €1 1 L°v6 8'69 £'1T 1 9°L9 1T°6 €1 1 8%
6'v6 €1 1 9°v6 9'v9 €T 1 T°L9 g'Le €1 1 8°LS
L°'€6 €T T b°Z6 £°€9 ST 6799 9'97 €1 1 STLS
p'ee €1 1 L 06 809 1 1 v°99 £°sz €1 1 £°LS
T°t6 €1 1 v’ 88 s'6s €T 1 €799 Tve €81 1 8795
6°68 £°T 1 9°98 7278 £'1 1 7799 8'¢¢c €1 1 9°9%
9'g8 €1 1 8°'y8 0°Ls €1 1 6°59 STz €1 1 T'SS
€8 €1 1 v8 L°ss €1 1 b°S9 €0 €1 1 6°vS
T°98 €1 1 5°¢£8 vpys £'rT 1 6°v9 06T €T 1 £ 18
g'yg €1 1 18 TeEs £'1T 1 S'v9 Lt £t 1 $'09
s'gg €1 1 L 08 6°1s €1 1 L9 S'9T €T 1 16V
€78 €1 1 6°6L 9°05 £'T 1 <9 ST £'T 1 L 9v
0’18 £°T 1 £°8L ver €T 1 6°19 6°€l €T 1 €' 9v
L'eL £°1T 1 9°LL T8y €1 1 8°19 A4 N S S L'bb
S'8L €T 1 voLL 8'9%v €1 1 L°19 [/ 1 SR T S| 9 gV
UL T 1 L°9L g'sy €T 1 1°19 T°0T €1 1 6°LE
6°6L €1 1 £ 9L ey €T 1 6709 6’8 ST T 9°Le
Lyl €71 1 8°SL 0°€r 8't ¢ L°09 €9 €1 1 8°0¢
vel €1 1 8 bL ee €T 1 v 09 1's s ¢ 8°Le
(A4 R T S € EL 0’8t £T 1 09 s'¢ £T1T 1 6°01
6'0L €T 1 L 1L L9 €'t 1 09 €T €T 1 v'6
WO 113D INNOD ANTYA WD TTID  INNOD dANTVA WD TTIO  INNOD INTVA
SINEDYAd SINIDYAL SLNADYAd

SIQI=3TaVIINA

(STTIN TYOILONUN)
UVavyd WOdd FONVISIA
GYZ ¥0d SOILLSIMALOWNVHD HHINNOONA MYSWHA
LS-9 FTGVL

B-52



0°00T T°¢
8°96 't
S't6 Tt
€06 Tt
L8 T°¢
6°t8 't
9°08 7°¢
AN A AN
(A 4 AR
WND 1130
SINADY3Ad

1°L6
8°v6
e
e
£°99
G'¢9
6°19
8785
L°8S
INNCD ANTYA

Lo B M B B B B e B B |

(VR VA A S | 9°bS §'6t Tt
L9 e 1 9°tS €'t Tt
Sy Tt 1 <5 0°6T T°¢t
€19 Tt 1 L 8y 8°67 T't
'8 ¢t 1 ANA Y 9°¢¢ T't
g°ys ¢ 1 L 9v b6t Tt
9°1s ¢ 1 9'vb T°'91 T°¢
p'gy € 1 T°cv 6°C1 T'¢
sy e 1 8 0b L'e Tt
6°1v 't 1 ST ob 5'9 7't
L'ge z'g 1 [N 14 e Tt
WD 1130 ILNNOD JNTVA WNO 1130
SINADYAd SINADY3Ad

279Y1 AONAN0TYA

MIZ ¥0d SOILSTYALOWVHVHD WAILNNOONA MVSWA

(STIIN TYIILOVYN)
HVavd Wodd FONVISIA

89-9 JTLVL

%-OHHPGHHHHHHH
O

b et
6°LE
L've
A
T°2e
L0t
[ 14
L'yt
LT
9° 17
£°1C
3NTIYA

SIQI=3T9VIYYA

B-53



(NAUTICAL MILES)

DISTANCE FROM RADAR

TABLE B-59
EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY

VARIABLE=RDIS

FREQUENCY TABLE

PERCENTS PERCENTS

PERCENTS

VALUE COUNT CELL

CUM

0.6 45.8

VALUE COUNT CELL

CuUM

1.2 23.5

VALUE COUNT CELL

cuM

0.6
1.2
1.8

2.4

1

52.4

2

43.2

0.6

1

1.7
31

46.4

52.5

44
44.1

0.6
0.6
0.6
0.6
0.6
0.6
0.6

47.0

6.6

53
53.2

53.5

0.6 25.3
0.6 25.9
0.6 26.5
0.6 27.1
0.6 27.7
0.6 28.3
0.6 28.9
0.6 29.5
0.6 30.1
0.6 30.7
0.6 31.3
1.2 32.5
0.6 33.1
0.6 33.7
0.6 34.3
0.6 34.9
0.6 35.5
0.6 36.1
0.6 36.7
0.6 37.3
0.6 38.0
0.6 38.6

0.6

6.1
7.5
7.6
8.8
11.6

0.6 47.6

1

44.2

48.2
0.6 48.8

44.7

3.0
3.6
4.2
4.8

5.4

53.7

44.9

53.8

45.2

54

54.3

45.3

11.7

45.6

0.6

14.6

0.6 51.8
0.6 52.4
1.2 53.6
0.6 54.2
1.2 55.4
0.6 56.0
0.6 56.6
1.2 57.8
2.4 60.2
0.6 60.8
1.2 62.0
1.2 63.3
0.6 63.9
1.2 65.1
1.2 66.3
1.2 67.5
0.6 68.1
0.6 68.7
1.2 69.9
0.6 70.5
1.2 71.7
0.6 72.3
0.6 72.9
1.8 74.7
1.2 75.9

54.6
54.7
54.9

45.9
46.1
46.4

6.0
6.6
7.2

0.6
0.6
0.6

21
21.4
23.2

B-54

46.5

7.8
9.6
0.6 10.2
0.6 10.8

0.6

26.4

55.3

2

46.9

1.8

26.7

55.4

47
47.1

27.1
27.6

55.8

55.9

47.3

11.4
0.6 12.0
0.6 12.7
0.6 13.3
0.6 13.9
0.6 14.5
0.6 15.1
0.6 15.7

28.1

47.7

28.8

56.1

48.3

29.4

56.2

1

48.6

29.5

56.5

48.7

29.7

56.7

48.8

30.2

56.9

49

49.9

30.8

57.5

1

30.9

57.8

39.2

50.5

16.3
0.6 16.9
0.6 17.5
0.6 18.1
0.6 18.7
0.6 19.3
1.2 20.5
0.6 21.1
0.6 21.7
0.6 22.3

32.4

57.9

39.8
0.6 40.4
0.6 41.0
0.6 41.6
0.6 42.2

50.6

1

32.5

58
58.3

58.5

50.7

33.9

2

50.9

34.3

1

37.8

58.6
58.8

1

51.4

38.9

42.8
0.6 43.4
0.6 44.0

51.5

40.7

1

58.9

1

52.1

41.1

59
59.1

52.2

41.4

2

1.2 45.2

2

52.3

1
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TABLE B-60

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED
DISTANCE FROM RADAR
(NAUTICAL MILES)

VARIABLE=RDIS

FREQUENCY TABLE

PERCENTS

VALUE COUNT CELL

PERCENTS

VALUE COUNT CELL CUM

PERCENTS

VALUE COUNT CELL

CUM

29.3

CUM

0.4

0.7

2
2
1
1

46.7

0.4 14.1

1

32.4

0.4

1

1.7

0.7 30.1
30.4

0.4

47

46.9
47,1

0.4 14.5
0.4 14.9

32.5
33.9

0.7
1.1

0.4
0.4

0.4 30.8

15.6

34.3

0.4 1.4
1.8
2.2

0.4
0.4

31.2
31.5
0.4 31.9
0.4 32.2
0.4 32.6

0.4
0.4

47.3
47.4

15.9
0.7 16.7
0.4 17.0
0.7 17.8
0.4 18.1

0.4

34.7
37.6

O
™~

47.7

37.8

0.4 2.5
2.9

0.4

9.4

48.3

2

37.9

10.9

33.7
0.4 34.1

0.4

33.3

0.7
0

48.6
48.7
48.8

18.5
18.8

0.4
0.4

38.9
39.4
40.2

3.3
3.6
4.0
4.3
4.7
5.1

0.4
0.4
0.4

11.6
11.7
14.6

1

49
49.1

0.4 19.2
0.7 19.9
0.4 20.3
0.4

1

40.5

0.4

21
21.3

34.4

40.7

0.4

34.8

0.4

49.9

1

40.8

0.4

1
1

21.4

0.7 35.5

0.4

50.5

20.7

41.1

5.4

0.4

21.6

35.9

50.6

0.4 21.0
0.4

1

41.4

5.8
6.2
6.5
6.9

0.4
0.4

23.2

36.2

0.4

50.7

21.4

42.1

23.7

36.6

0.4

50.9

0.4 21.7
0.7 22.5
0.4 22.8
0.7 23.6
0.4 23.9
0.4 24.3
0.4 24.6
0.7 25.4
0.4 25.7
0.4 26.1

1

42.4

0.4

24.7

37.0

0.4

51
51.3
51.4
51.5

43.2

0.4
1.1
0.4
0.4

26.4

37.3

0.4

43.6

8.0
8.3

26.7

37.7

0.4

44
44.1

27.1

0.4 38.0
0.4

0.4

1

8.7
9.4

27.6

38.
38.

52

52.1

44.2

0.7
0.4

27.8

44.6

9.8

28.1

39.1

0.4

52.2

44.7

1 0.4 10.1
0.4 10.5

1

28.2

2 0.7 39.9

52.3

44.9

28.8

40.2

0.4

52.4
52.5

1

45.2

10.9

29.4

40.6

0.4

26.4
0.4 26.8

0.4
0.4

45.3

11.2

0.4

29.5

40.9

0.4

53
53.2

1

45.6

11.6

0.4

29.7

41.3

0.4

27.2

45.9

12.0

0.4

30.2

41.7

0.4

53.5

0.4 27.5
0.4 27.9

0.4

1
1

46.1

12.3

D.4

30.7

42.0

0.4

53.6

46.3

13.0

0.7
0.4

30.8

42.4

0.4

53.7

28.3

46.4

13.4

30.9

42.8

0.4

53.8

1 0.4 28.6

46.5

13.8

32.1



TABLE B-60
EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED
(CONTINUED)

DISTANCE FROM RADAR
(NAUTICAL MILES)

VARIABLE=RDIS

FREQUENCY TABLE (CONT.)

PERCENTS

VALUE COUNT CELL CUM

PERCENTS

PERCENTS

VALUE COUNT CELL

CUM

63.4

VALUE COUNT CELL

CUM

43.1

0.4 80.1
0.7 80.8
0.4 81.2
0.4 81.5
0.4 81.9

1

65.9

0.4

1

53.4

0.4

1
2

54
54.3

66.1

59.5

0.7 43.8

0.7
0.4

66.2

0.4 64,1
0.4 64.5
1.1 65.6
1.1 66.7
0.4 67.0
0.4 67.4
0.7 68.1
1.1 69.2
0.4 69.6
0.4 69.9
0.4 70.3
0.7 M.0
0.4 71.4
0.4 71.7
0.4 72.1
0.4 72.5

59.7

44.6

2
1

54.6

66.3

59.8

44.9

54.7

1

66.4

59.9

46.0

1.1
0.4

54.9

82.2
1.1 83.3
0.4 83.7
0.7 84.4
0.4 84.8
0.4 85.1
0.4 85.5
0.4 85.9
0.4 86.2
0.4 86.6
0.4 87.0
0.4 87.3
0.4 87.7
0.4 88.0
0.4 88.4
0.4 88.8
0.4 89.1
0.4 89.5
0.7 90.2
0.4 90.6
0.7 91.3
0.4 91.7

0.4
0.4

66.5

3
1

60
60.2

46.4

55
55.2

3

66.9

46.7

0.4

67.1

60.3

0.7 47.5
0.4 47.8
0.4 48.2
0.7 48.9
50

2

55.3

67.6
67.7
68.2

8.3

60.4

55.
5
55.9

1
1
1

60.7
60.8
60.9

56
56.1

B-57

1
1

68.8

1
2

61
61.1

0.4 50.7
0.7 51.4
0.7 52.2

70.8

56.2

61.3
61.6

2

56.5

71.5

1

52.5

0.4

56.6

71.7

1
1

61.7

52.9

0.4
0.4

56.7

1

73.3

61.8

53.3

56.8

74.2

73.6
0.4 73.9
0.7 74.6
0.4 75.0
0.4 75.4
0.4 75.7

1.1

61.9

0.7 54.0
0.4

2

56.9

1
1
1
1

74.8

1

62
62.2

54.3

57.3

75
75.8

57.5

62.4

1.1 56.5

57.8

76.2
76.3

62.6

56.9

0.4

57.9

2
1
2

1

62.7

57.2

0.4

58
58.2

6.7
77.4

76.1
0.4 76.4
0.4 76.8
0.4 77.2
0.4 77.5
6.4 77.9

0.4
0.4

62.8

0.4 57.6
0.7 658.3
0.4 58.7
0.7 59.4

1
2

1

63
63.5

58.3

77.6

58.5

92.0

77.9

63.8

2

58.6

0.4 92.4
0.4 92.8
0.4 93.1
0.4 93.5
0.4 93.8
0.4 94.2

1
1
1

78.3

1

64
64.3

59.8
0.7 60.5
0.4 60.9
1.1 62.0
0.7 62.7

0.4
0.4

58.7

78.9

2
1

58.8

79
79.9

78.3

64.5

58.9

1
1
1

0.4 78.6
0.7 79.3
0.4 79.7

1
2
1

64.9

3
2

59
59.1

80.7

65.3

81.2

65.4

63.0

59.3
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TABLE 8-61

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB

BEARING FROM RADAR

(DEGREES)

=RBEAR

VARIABLE

FREQUENCY TABLE

PERCENTS

PERCENTS

PERCENTS

CcuM
2.5 68.4
1.3 69.6
2.5 72.2
2.5 14.7
3.8 18.5
1.3 79.7
1.3 81.0
1.3 82.3
1.3 83.5
1.3 84.8
2.5 87.3
1.3 88.6
1.3 89.9
1.3 911
1.3 92.4
2.5 94.9
1.3 96.2
1.3 97.5
1.3 98.7
1.3 100.0

VALUE COUNT CELL

CuM

1.3 34.2
2.5 36.7
1.3 38.0
2.5 40.5
1.3 41.8
2.5 44.3

VALUE COUNT CELL

CUM

1.3
2.5
3.8

VALUE COUNT CELL

2

243
253
254

1

185
187

1.3
1.3
1.3

20 1
1.3
1.3

22
23

255
257
258
266

189
191

1
1
2

5.1
6.3

44
49
54
87

B-59

2

7.6

1.3

46.8
1.3 48.1

01

8.9
10.1

1.3
1.3

269
2

203
205
209

211

88
S0

93

74

49.4
1.3 50.6
1.3 51.9
1.3 53.2
1.3 54.4
1.3 55.7
1.3 57.0
1.3 658.2
2.5 60.8
1.3 62.0
1.3 63.3
1.3 64.6
1.3 65.8

1.3 11.4

275
27

1

1.3 12.7
5.1 17.7
1.3 19.0
2.5 21.5
1.3 22.8°
1.3 24.1
1.3 25.3
2.5 27.8
1.3 29.1
1.3 30.4

1
4
1
2

112

1

289
2

1

218
221

115
=139

295
297

229
230
231

140

144
151

303
304

1
2
1
1

1

233
234
237

169
172
175

328
339

1

352

240

31.6

178
183

1

242

32.9

1.3
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TABLE B-63

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY

BEARING FROM RADAR

(DEGREES)

=RBEAR

VARIABLE

FREQUENCY TABLE

CUM

PERCENTS

0.6 70.5
0.6 71.1
1.8 72.9
0.6 73.5
0.6 74.1
0.6 74.7
0.6 75.3
0.6 75.9
0.6 76.5
1.2 77.7
0.6 78.3
1.8 80.1
0.6 80.7
0.6 81.3
1.8 83.1
1.2 84.3
2.4 86.7
3.0 89.8
0.6 90.4
2.4 92.8
1.8 94.6
0.6 95.2
1.2 96.4
0.6 97.0
0.6 97.6
0.6 98.2
0.6 98.8
0.6 99.4
0.6 100.0

233
234
235
248
251
260
261

VALUE COUNT CELL
1

CcuM

0.6 41.6
0.6 42.2
0.6 42.8
1.2 44.0
1.2 45.2
1.8 47.0
0.6 47.6
0.6 48.2
0.6 48.8
1.8 50.6
0.6 51.2
0.6 51.8
0.6 52.4
0.6 53.0
0.6 53.6
0.6 54.2
0.6 54.8
1.2 56.0
0.6 56.6
0.6 57.2
0.6 57.8
0.6 58.4
1.2 59.6
0.6 60.2
0.6 60.8
1.8 62.7
3.0 65.7
1.2 66.9
1.2 68.1
1.8 69.9

PERCENTS
1

56
61

VALUE COUNT CELL

CcuM
0.6

PERCENTS

VALUE COUNT CELL
1

0.6
0.6
0.6
1.2
0.6
0.6
2.4

0

1.2
1.8

10
14

3.0
3.6
4.2
6.6

16
17

83

1
1
1

4

19
20
21

1
1

263

86
88

8.4

1.8

0.6
1.2

3

266
277
280
2

9.0
10.2

2
2
6

22
23

121

1.2 11.4
3.6 15.1
1.2 16.3
1.8 18.1

0.6

3
1

81

1

130
134
144
163
172
180
181
182

24

282

25

287
293
295
296
297
298

3

3
2

18.7

27

1

1.2 19.9
0.6 20.5
1.8 22.3
1.2 23.5
1.8 25.3
0.6 25.9
1.8 27.7

2

28
29
30
31

2

299
300
301
303
307
312

208
211

3
1
3

32
33

34

1
1
2
1

213
214

2

35
37

215
224

1.8 31.9
1.8 33.7
0.6

3

38
39
40

322

228

34.3

323
324
340

229
230

231

0.6 34.9
4.2 39.2

2
2
3

1

39.8
41.0

0.6
1.2

232

2

55



TABLE B-64

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED

BEARING FROM RADAR

(DEGREES)

VARIABLE=RBEAR

FREQUENCY TABLE

PERCENTS

VALUE COUNT CELL

PERCENTS

PERCENTS

VALUE COUNT CELL

CUM

48.6

CuM

0.7 30.1
0.7 30.8
0.7 31.5

VALUE COUNT CELL

cuM

0.4 48.9
0.7 49.6
0.4 50.0

0.4
0.4

1
1

178
180
181
182
183
185
187
189
191
192
193
197
201
202
203

2
2
2

55
56

0.4
0.7
1.1
1.4
2.2
2.5
2.9
4.7
6.2
6.5
7.6
8.7
11.2

0.4
0.4
0.4

1
1

0
3

57

10
11
14
16

31.9

0.4

60
61

0.4

50.4

32.2
0.7 33.0

0.4

0.7

50.7

0.4

2

62

0.4

0.7 51.4
0.4

2

33.3
0.4 33.7
0.7 34.4
0.7 35.1
1.1 36.2
0.4 36.6
0.4 37.0

0.4

64

0.4

17
19
20
21

51.8

74

1.8
1.4
0.4

1

81

83

1.1
1.1

22
23

1
1

86

7 2.5

24

55.1

0.4

37.3
0.7 38.0
1.1 39.1

25 12.0 87 0.4

26
27

55.8

0.4

2

88
89
90
93

13.4

1.4

0.4

205
208
209
210
211

14.1
1.1 15.2
0.4 15.6

0.7 56.9
0.4 57.2
0.7 58.0
0.4 58.3
0.7 59.1
0.4 59.4

0.4

0.4 39.9
1.4 41.3
0.4 41.7
0.4 42.0
0.4 42.4

1

29
30

1
1

16.7

1.1
0.7

17.4

1
2

213

1
1

120
121
130
134
139
140
142
144
150
151

18.5

1.1

32

214

0.4 18.8

1.1
1.4
1.1

1

215
218
221
224
228
229
230

231

19.9

34
35
37

59.8

0.4 43.1
0.7 43.8
0.4 44.2
0.4 44.6
0.7 45.3

21.4

0.4 60.1
0.4 60.5
1.1 61.6
2.2 63.8
1.1 64.9
1.1 65.9
1.1 67.0
1.1 68.1
0.7 68.8
1.1 69.9

1
1

2
1

22.5
1.1 23.6
0.7 24.3
0.4 24.6
2.5 27.2

0.4

3
2
1
7

38
39
40
41

6

2

3
3
3

45.7

46.0

0.4

27.5

232

46.4
0.7 47.1
0.7 47.8

0.4

163
169

27.9

0.4

44

233
234

2
2

28.3

0.4

172
175

0.4 28.6

49
54

3

48.2

29.3

0.7
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TABLE B-67

EMSAW ENCOUNTER CHARACTERISTICS FOR ZNY

ANGLE FROM RADIAL HEADING

(DEGREES)

RANGLE

VARIABLE

FREQUENCY TABLE

PERCENTS

VALUE COUNT CELL CUM

PERCENTS

PERCENTS

VALUE COUNT CELL

cuM

0.6 39.8
1.8 41.6
0.6 42.2
0.6 42.8
0.6 43.4
1.2 44.6
1.2 45.8
0.6 46.4
0.6 47.0
0.6 47.6
0.6 48.2
0.6 48.8
1.8 50.6
1.2 51.8
1.2 53.0
0.6 53.6
0.6 54.2
1.2 55.4
2.4 57.8
0.6 58.4
1.2 59.6
0.6 60.2
0.6 60.8
1.8 62.7
2.4 65.1

VALUE COUNT CELL

CUM

0.6

1.2 66.3
2.4 68.7
1.8 70.5
3.0 73.5
1.2 714.7
1.2 75.9
1.2 77.1
0.6 77.7
1.8 79.5
2.4 81.9
0.6 82.5
3.0 85.5
0.6 86.1
1.8 88.0
0.6 88.6
0.6 89.2
0.6 89.8
0.6 90.4
3.0 93.4
2.4 95.8
3.0 98.8
0.6 99.4
0.6 100.0

2

62

1

29

1 0.6

0

6
64
65
6
68
9

0
31
32
33

4
35
36
37
39
42
43
44
45
48
49
51
52

T O WO
N MO

[seliVe RNo o N
O oMmm

1.2 10.8
0.6 11.4
1.2 12.7
1.2 13.9
1.8 15.7
1.8 17.5
1.8 19.3
1.2 20.5
1.2 21.7
1.2 22.9
0.6 23.5
2.4 25.9

[ R R N NYs]

2

-~ O MU0 O

B-66

71

1

11
12
13

75
77
78
79
80

2

1

1

3
3

5
1
3
1

14

15

81

17
18

83

84

4

20
21

5

85
86

28.3
1.8 30.1

2.4

55
56
57

3

22
23

32.5
1.8 34.3
1.8 36.1

2.4

3
3

1

90

25

38.6

27
28

4

61

39.2

0.6



TABLE B-68

EMSAW ENCOUNTER CHARACTERISTICS FOR ZAB, ZFW, AND ZNY COMBINED

ANGLE FROM RADIAL HEADING

( DEGREES)

VARIABLE=RANGLE

FREQUENCY TABLE

CuM
1.8 70.3

PERCENTS

61

VALUE COUNT CELL
5

PERCENTS
cuM
2,2 41.3
1.1 42.4
0.7 43.1
1.1 44.2
1.8 46.0
1.1 47.1
0.7 47.8
1.1 48.9
1.1 50.0
0.7 50.7
0.7 51.4
1.1 52.5
0.4 52.9

30
31
32
33
34

VALUE COUNT CELL
6

PERCENTS
CuUM
0.4

VALUE COUNT CELL
1

0.4
1.1
0.7

0

71.7

1.4

62

3

1.4
2.2

1.8 73.6
1.8 75.4
2.2 7171.5
1.1 78.6
0.4 79.0
1.1 80.1
0.7 80.8
0.7 81.5
0.7 82.2
1.8 84.1
1.8 85.9
0.4 86.2
2.2 88.4
0.7 89.1

1.1

5

64

4.0
5.8
8.0
9.1
1.1 10.1
1.1 11.2
0.4 11.6

1.8
1.8
0.7

65
66

1.8
2.2
1.1

35

1
3
2

7
68
69

6
37
9

3
3
3

B-67

n

40

2

72
74

13.4

14.1

2

75
71

1

43
44
45
46
47
48
49
51

15.6

1.4
1.1
1.1

13
14

54.3
0.7 55.1
0.7 655.8

1.4
0.4

16.7

78
79
80
81

17.8

15
16
17

2

19.2

1.4
1.1

90.2

56.2

20.3

1.4 57.6
1.4

4

1.4 21.7
1.1 22.8
1.8 24.6
2.2 26.8
1.8 28.6

4
3

18
19

0.4 90.9
0.7 91.7
0.4 92.0
1.8 93.8
2.5 96.4
2.2 98.6
0.7 99.3
0.4 99.6
0.4 100.0

82

59.1

0.4 59.4
0.7 60.1
2,5 62.7
1.1 63.8
0.4 64.1
1.1 65.2
0.4 65.6
1.1 66.7
1.8 68.5

1

20
21

84
85

53

S

3

54

30.1

1.4
1.1

23

87
88
89

55

31.2
2.2 33.3
3.3 36.6
1.4 38.0

24

2

6

25
27

1

57
59
60

1

30

3
5

4

39.1

1.1



TABLE B-69

EMSAW ENVIRONMENTAL CHARACTERISTICS FOR ZAB

MINIMUM WARNING ALTITUDE (ENTIRE CENTER)

(HUNDREDS OF FEET)

MWA

VARIABLE

FREQUENCY TABLE

PERCENTS PERCENTS
VALUE COUNT CELL CUM

PERCENTS

VALUE COUNT CELL

CUM
1.1 75.1
1.6 76.7
2.6 79.4
1.1 80.4
1.1 81.5

VALUE COUNT CELL

CUM

0.5
2.1

2
3
5

107
108
110

1.1 28.6
0.5 29.1
0.5 29.6
0.5 30.2
2.6 32.8
0.5 33.3
0.5 33.9
1.1 34.9
2.6 137.6
1.6 39.2
2.6 41.8
9.0 50.8
0.5 51.3
0.5 51.9
0.5 52.4
0.5 52.9
4.8 57.7
0.5 58.2
0.5 58.7
1.6 60.3
1.1 61.4
5.3 66.7
0.5 67.2

2
1
1

76
77
78
79
80

0.5
1.6

1
3

38
40
43
45
48
49

2.6
3.2
4.2
4.8

0.5
7.4

0.5
1.1

112
113
114
115
116
117

82.5
2.1 84.7
0.5 85.2
0.5 85.7

1.1

83
85
86
87

8.5

1.6 10.1
0.5 10.6
1.6 12.2
0.5 12.7
0.5 13.2
3.7 16.9
1.1 18.0
0.5 18.5
0.5 19.0
0.5 19.6

.5
2.6
1.1

1.1

1
5
2

B-68

1

3

53

86.8
3.2 89.9
0.5 90.5
0.5 91.0
1.1 92.1
0.5 92.6
0.5 93.1
1.1 94.2
0.5 94.7

1.1

118
120
121
122
1

3

88
89

54

55

1

17

90
91

1
1
7

58
59
60
61

2

92

125
127
128
129
130
133
135
136
140
147
160

93

1
2
1

94

1
1

62

95
96

97

63

64
65
68
69

95.8
0.5 96.3

1.1

1
3

20.6

98
99
100
101
103
104

0.5 22.2

0.5 97.9

1

10

23.3
0.5 23.8

0.5
1.1

70
71

1

0.5 99.5
0.5 100.0

1
1

24.3

72

1.6 70.9

3

25.4

73

105
106

1.6 27.0

3
1

74
75

1.1 74.1

2

0.5 27.5
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TABLE B-72

EMSAW ENVIRONMENTAL CHARACTERISTICS FOR ZAB,ZFW,ZNY COMBINED
MINIMUM WARNING ALTITUDE (ENTIRE CENTER)
(HUNDREDS OF FEET)

MWA

VARIABLE

FREQUENCY TABLE

PERCENTS PERCENTS
VALUE COUNT CELL CUM

PERCENTS

VALUE COUNT CELL

CUM
0.3 76.0
0.9 76.9
0.6 77.5
3.3 80.5
0.3 81.2
1.2 82.4
0.9 83.3
1.2 84.5
0.6 85.1
0.6 85.7
0.9 86.6
1.5 88.1
0.6 88.8
0.6 89.4
0.6 90.0
1.2 91.2
0.3 91.5
0.3 91.8
0.6 92.4
1.8 94.2
0.3 94.5
0.3 94.8
0.6 95.4
0.3 95.7
0.3 96.0
0.6 96.7
0.3 97.0
0.6 97.6
0.3 97.9
0.6 98.5
0.3 98.8
0.6 99.4
0.3 99.7
0.3 100.0

VALUE COUNT CELL

CUM

1.2
1.5
1.8
4.9

1
3
2
11

97

1.5 4.1
0.3 44.4
0.3 44.7
0.6 45.3
4.0 49.2
0.6 49.8
0.6 50.5
0.3 50.8
0.3 51.1
0.6 51.7
0.6 52.3
0.3 52.6
1.2 53.8
0.3 54.1
0.3 54.4
0.6 55.0
0.9 55.9
0.9 56.8
0.6 57.4

5

55

1.2
0.3

4

17
18
19
20
21

98

99
100
101
103
104
105
106
107

0.3

2
13

59
60

3.0
0.9
0.6

10

1
4

5.8
6.4

2

61

22
24

3
4

62

6.7

0.3

1
1

8.2

1.5
0.3
0.9

25

64

1

2

65

68

9.

27

3
5
2

108
110
112

9
70
71

0.9 10.3
0.6 10.9
5.2 16.1
1.2 17.3
0.3 17.6
0.3 17.9
0.3 18.2

3
2
17

8
29
30

B-71

2

113
114

4

31

72

32

115
116
117

3
3

74
75
76
77
78

18.8

0.6

118
120
121
122
123

19.5
1.2 20.7
0.9 21.6
5.8 27.4
1.2 28.6
0.3 28.9
0.3 29.2
0.6 29.8
1.8 31.6
0.3 31.9
0.3 32.2

37
38

6
1
1

4
3
19

0.3 58.1
0.3 58.4
2.1 60.5
0.3 60.8
0.6 61.4
0.6 62.0
1.5 63.5

1
1
7
1

40
41

2

80
83
85
86

4

125
127

42

2

2
1

128
129

6

45
46

130
133
135
136
140
147
160

0.9 64.4
1.5 66.0
5.5 71.4
0.3 71.7
0.3 72.0
0.3 72.3
0.3 72.6
2.7 175.4
0.3 75.7

3
5
18

88
89
90
91

2

48 12 3.6 35.9

49
50

1
1

36.5
3.6 40.1
0.3 40.4
0.6 41.0
0.9 41.9
0.6 42.6

2
1
1

92
93

12

1

1

52

95
96

1

2

54



.

0°00T 67T
°86 671
779 6°1
£°r6 671
S°t6 6°1
9°06 6°1
L'88 8°¢t
6°1
1

ad
O

0°¢g 6°1T 1 v p6T
18 8¢ ¢ 081
1 e vieL 6°1 1 b 9LT
T 8°91¢ §'6L 8t € g cLl
T 8°79C Lt Lr's g 77691
1 8 bt 0°99 L'S ¢ 9°991
T 9°LeC vy'09 LG ¢t 91
T AR L'vs L°'s ¢ [ARh1
[4 7°50T 6y L°S ¢ 8" st
1 861 v'ey 6°1T 1 [A Y
INNOD ANTYA WO  T130  JNNOD INTYA
SINIDYId

219Y1, AONANOIYS

(s10NM)
aadds aNnouo

STy 8't
L'Le st
°0E LTS
ST 671
9°7¢ 8't
6°81 6°1
0°LT 6°1
T°6T L°S
v'6 8°t
L's L°S
WNO  TTA0
SINIOHAd

9 Lyt
ANA
[AR2 N
9°6¢C1
9tt
8811
BOT

v b0t
L6
9°¢t6
JINNOD ANTYA

MEANN At NAN TN

AdSANIDL=3TaVIUYA

NOH ¥0Jd SJILSTVALOVUVHD WAILNNOONA MUSW TYNIWYAL

gL-9 JT9VL

B-72



0°08 0701
0°0L 0°01
0'oot 0°0T 1 vee 0°09 0°0%
0°06 00T T AR LA 0705 o0°01
WNo TI3D3  INNOD JNTVA WO 114D
SLNIDYAd SINADYAd

9°£81
8001
AN
INMNOD ANTYA

TIGVL AONANOAYA

YT 304 SOILSTYALOVHVHD ¥ALNNOONA MYSHW TVNIWYAIL

(s100D1)

J33ads dNNouo

PL-9 J19VL

0°0y 0°0T
0°08 0°01
0°0z o0°01
0°0T 0°0T
WO 1140
SINIDYAd

v 98
878
¢6L

— =t

INNOD ANTVA

AdSANIOL=3TdVIUYA

B-73



0°00T 9°¢
v'96 9°t
6°76 9°¢t
£°68 9°¢t
L°G8 9°¢t
1°78 9°¢
9°8L 9°t
WNO 13
SINIOYAd

0°6L 9°¢ 1 681 1T°te 9t 1 88°9v1

pIL 9t 1 v9 881 9°'8Z 9't 1 [ARA A
T 7667 6°L9 9t 1 p°G81 0'6z 9t 1 AR
T v9°09¢ £y 9t 1 89°p81 v'1e 9t 1 96°8¢t1
1 v 6ve L°09 9°¢ 1 L o8t 6°LT 9t 1 [ARRN
1 89°11Z 1°Ls €°vT ¥ v 9Ll €T 9t 1 AR
T 76°50¢C 6°¢y 9°¢t 1 proe9t Lot 9'¢ 1 9L"%6
1 80 661 £'et 9t 1 9°9G1 Tt 9¢ 1 vZ €6
T Vg G661 L'se 9°¢ 1 89°8¥1 9't 9'¢ 1 9L°98
INDOD ANTYA WD T3]  LNNOD 3NTYA WO TIID JINNOD INTYA

SINIOHAd SINADY3d

F1EVL RONENOFYS

AdSANIOL=3T9VTIVA

(s10M)
dIads daNnoad
AN ¥04 SOILSIYIIOVYVHDO YHLNNOONA MUSW TYNIWYAL
GL-9 JTIVL

B-74



0°001
6°86
8°L6
L796
9°56
S°ve
| ARY¢
€726
16
1°06
0°68
6°L8
8°98
9°v8
5°e8
V8
£°18
T°6L
WO

SINA

.

T 1 e
T'T 1 8°9T¢
T 1 [AR=1:14
"t 1 8°29¢
T"T 1 b9° 092
"t 1 b8 6vT
Tt 1 8 hiT
L S 9°LET
Tt 1 1454
LS B | b 0€T
T 1 89°11¢
Tt 1 67507
AN A4 ¢°50¢
Tt 1 807661
T"T 1 861
't 1 v8°S61
(AN vopet
T 1 681

TI3I0 INNOD JANTVA
oyad

v9 881
v s81

89°¥81
9°¢8T1

L 08t
081

b oLT

8 2Lt

7691

97991

4232}
91

v 85T

97951

87 vt

¢ IST

89°8v1
9°Lr1

88°9v1
[ANA Al

J  JINNOD INTNA

.

.

.

Bl A N A A M AN S MW N et

ENO0UOROMITOINOMOOMNOSOND
DA ANTFOATOANTONMTUNOD
MM T T TN N OO
Hrd N At N N YOI NN e e =
[ e R s KRt Hee Bas Nas o NTs o IR IR IR I

5
3

SLNADHAd

F18YL AONANOTYA

(s10MM)
QIAdS aNNouD

bLE
(AR 23
6°1¢
8°0¢

~ARO M3
QO NMU W
—_— NN NN
— ot et et et ) = = N e A N T

-t

.

—_NMTNNONHOM
N T NO O~ T

—l

.

~
e
—4
e o R o B e e Nae Haa Mo B A B o B B BN B B o B
.

3

113D
SLNAOY3Ad

voovt
CET6ET
96°8E1
[ANRR}
9°6¢1
9¢1

8 811
/AR
80T

v ot
8001
L6
9L"G6
9°t6
bZ €6
9L°98
b 98
878
6L
9°GL
INNOD ANTYA

— ottt A ) A M A M N AN T T

AdSANYDL=ITEYIUYA

@EANIEWOD AN OGNV ‘W1 ‘NOH ¥0d SOIISIMAIOVIVHD YWALNNOONA MYSH TUNIWMAL

9.-9 F1dYL

B-75



0°00T 6°1
1°86 6°1
7°9% 6°1
£°v6 671
§'26 671
9°06 671
L'88 6°1
8°99 6'1
6°v8 6°'1
0'¢gg 8¢t
6L 671
piLL 8¢
9°¢L 671
L"TL 671
8°69 671
6°L9 6°1
WNoy  T1ID
SINIDHAd

0°99 61T 1 SETL-
1 v (40 4° N T G Y S L-
1 §5°¢ €79 6°T 1 S6°L-
1 S0°1- P09 6T 1 L 8-
T 1= §'8s 6°T 1 Sh 6~
T 8Lb T- 9'95 6'1 1 SL 6~
1 82972~ L'vs 61T 1 S°01-
1 €= 8°¢s 6'T 1 S6°01-
1 [ o 6°05 6’1 1 T°11-
1 59 v- ey 61T 1 8TT ¢1~
[4 S6°b- Ty 6°T 1 [AR N o
1 BLY "G~ £€'sh 61 1 LT ET-
4 8LE"9- v'er 6°1 1 8L ET-
1 Sb 9- S'Tr 6°1 1 TATN A o
1 8¢5° 9~ 9'6t 6°'T 1 SSTv1-
T 9°9- tee 6t 1 8e6°v1-
1 (AN A g'se 61T 1 ST-
JNNOD ANTNA WD TT43  JINNCD INTYA
SINIDHAd

(NIW/Ld 00T)

ALV FONVHD JANLILTY

NOH ¥Od SOILSIVALOVIVHD ¥ALNNODNA
LL-9 F19VL

o've 6’1 1
T°7¢e 6'T 1
¢oe 6T 1
€87 8t ¢
s've 6’1 1
9°'t¢ 6T 1
8°0C 61T 1
6°8T 6'T 1
0°LT 6'T 1
T°sT 6°'T 1
2°ET 6T 1
€1t 6'T 1
v'e 61T 1
St 6T 1
L's 6’1 1
g’ 61T 1
6'T 61T 1

9°G1-
8L9°G1-
8Ch 9T~
59 91~
ST'81-
8L9°8T-
SLBT-
8¢9°0¢~
1¢-
8L8° T~
1°9¢-
8LV 9T~
8lT L~
TAN YA
S8 6C-
8L0° 0t~
£E-

HND  TI3D  INNOD ANTYA

MYSH TUNIWIAL

JOAZL=3TIVIYVA

B-76



8LG°CC-

0°08 0°0T 1 S°L 0°0v 0°0T T

0°0L 0°0T 1 9 0°0tE 0'0T 1 8 ¢¢-
0°00T 0°0T T gz 8L 0°09 00T T 0 0°0C2 0071 T 8CC LT~
0°06 0°0T 1 S0°91 0°0s 00T 1 878 €- 0°0T o0'0T 1 8LS"9L-
WNo TIID JINNOD INTVA WNO TIAD  INNOD ANTYA WNO T4 INNOD ANTYA
SINADYAd SINADYd SINIDYAd

1YL RONANOTU S

J0JZL=3TAVIYYA

(NIW/Id4 00T)
ALV IONVHD FANLILIV
¥1 404 SOIISTYALOVHVHD WAINNOONI MVSHW TUNIWJAEL
8L—-9 T19VL

B-77



L B B B T B B |

AN ¥04

v TL
6°L9
€9
L709
1°LS
9°¢€s
v ov
6°Ch
£°6¢t
WNO

SINADYAd

FIgYI, AONINOTIA

s e v e e s e

- 00 W0~ 00000
e R R N R e N I e ]

=
Bmmmrxmmmmm

ml
S1°6-
82576~
878°6-
S0°01-
8LG° 01~
Lri-
875°S1-
791~

%
2

(NIW/34 00T1)
AIVY JONVHO HANLILTY
SOILSTMAIOVIVHD YALNOOONT MYSW TYNIWIAL

6L—d JTAYL

LGt
1°¢¢e
98¢
0°S¢
v 1z
6°LT
et
Lot

WND

SINADYAd

[ e M e Nas Mol Nasas Nag]

—
&

=3 \0 = WO OO \O 00N
— N e ot

:
2]
3
2
>
B-78

JOAZL=319VTYVA



0°00T T'T
6°86 1°1
8°L6 1T
L% 1°1
9°s6 1'1
S 1T°1
v'ge 1°1
£°6 7't
T°06 11
0°68 1°1
6°L8 1°1
8'98 1°1
L'sg 1°1
98 1°1
S°E8 1°1
r'ze 11
£°18 T°¢
T°6L T°1
0°8L 't
L°pL T'T
9'tL T°T
yIL TT
£'oL 11
°69 11
1°89 T°¢
WO TI3AD
SINIDYAd

@INIEWOD AN ANV ‘W1

8¢y 8T
S0°91
SR Al
S°L

9
8.8V
S6°¢

0

SO T-
(A S
8Ly Z~-
87972~

I R R R I I R e B I B R e e e I B I N N N R B N I B ]
~™
i

6°69 T'1T 1 SETL-
g'v3 1T'T 1 8y L-
L°g9 T 1 S°L-
9'¢9 T'1T 1 56°L-
S°1T9 T'T 1 L 8-
b0 T'T 1 6-

€65 T'T 1 ST°6-
¢°’8s T'T 1 Sh 6—
Tt 't 1 875°6-
0°9s 1T°T 1 SL™ 6~
6°'bS T'T 1 87876~
g'ts 't 1 S0°01-
L'es 'y 1 S 01—
9°1s T U 8L5°0T-
S'6r T'T 1 56701~
b'gb T°T 1 T°11-
g€y Tt 1 TASE N o
9 T’ 1 AR
sy 1Tt 1 8LT ET-
o'vy T'T 1 8L ET-
6°¢h T'T 1 gzeE b 1I-
8’y 1T°T 1 SSThI-
Loy 1Tt 1 L'y~
96t T'T 1 867 V1~
S8 T'T 1 ST-
yee Ut 1 875761~
€98 T'T 1 9°61-
WD T30 INNOD ANTVA

SINIDYId

FIEVL AONANOFYA

(NIW/Ld 00T)
AIVY FONVHD FAOLILTY
‘NOH ¥0d SIILSIYALOVEVHD
08-9 A9V

[ S R S | 8L9°GT~
Tve T'T 1 <91~
o'ge 11T 1 8Ch 91~
61t £t ¢ §9°91-
9’8z 11 1 T Lt~
'L Tt 1 S1'81-
P9z 11T 1 Sk gt~
£€°6Z 1Tt 1 8L9° 8T~
v Tt SL 81~
0’z 1T'T 1 6°81~
6°0 1T'T 1 8L6°8T-
8°6T T'T 1 BTL 6T~
'8t 't 1 8¢9°0¢-
9°Lt T'T 1 12~
S°9T 1'T 1 8LS° T~
v'sT 1T°T 1 8¢~
£vt 1'T 1 8L8°CC-
¢CET T'T T 8Zh SC—
0°1T 1Tt 1 1°9¢-
6’6 T'1 1 8Ly 9C-
8'8 7T ¢ 8¢T  Le-
9'9 1T'T 1 ST 6T~
§'s T'1 1 56762~
| 200 28 T S | 8L0"0E~
£'e T'1T 1 g~

[ T G ) 8777 €9~
| S S SR ¢ 8L 9L~
WD TIID  INNOD 3NTYA

SILNADYAd

LOAZL=3T9YIHVA

WHINOOONT MYSHW TUNIWYAL

B-79



.

-t

[seRe e Wea e, o) les Mooyl e Jop ey Rop oo e ]

D T o s e s e
P s s e e s

.

AO~ONTANAONANR~-ONNO
DA NN~ AN T ORONWO
Mrdrdrdrdrd et et A~ MM

o~
(Yo RVell ol ol el el kv < e lco Jv o Jlo e ey o) e ) Ran )

-
=)
=1
(&

SIN3OHAd

¢10° 0~
T4V
L0°0-
ST1°0-
ST1°0-
LET O-
LST°0-
SL1°0~
8L1°0~

[AYA
ST 0-
99¢°0-
L8T°0-
[A1 3 U
SLEO0-

[ R e B B R B B I B B B B B B B

%
2
g

b9 61T 1 9LE"0- 770E 671
£°79 671 1 LEV O~ £°82 6°1
P09 61 1 Sy 0~ P97 6°1
§'8s 6°T 1 79V 0~ S°pT 6°1
9°9¢ 6T I S 0- 9°7¢ 6°1
L'vs 6°1 T 21570 8°0Z 6°1
8°75 671 1 GG 0- 6°8T 6°1
6°06 8¢ ¢ 9°0- 0°LT 6°1
Ly 8t ¢ 71870~ T°6T 6°1
vP'EY 6°1 T GZ8 0~ 2°¢T 671
S'Ty 6°1T 1 798°0- €11 6°1
9°6t 671 T 60~ V6 6°1
L°Lte 61T 1 S6°0- S'L 61
g'st 6°1 1 GL670— L'S 6°1
0°pe 6°1 1 (8" 1 3°¢ 6°1
T°28 6'1T 1 AR 6°t  6°1
WND T30 INNOD ANTVA WO T
SINADYAd SINAOHAd
A1V ADNANOTLA
(Ia3d4 00T)

- XMINA TYOIT¥MIA OL JONVISIA

€06 1~
§6° 1~

SIS 1-
78971~
SZL 1~
S8 1~
LE6 T-
L10°¢-
180°¢-
97t -
97—

S6°C-

TN I

cTee-
9ve-
SLL V-
INNOD ANTYA

P e o e e e B am e B B B B B B B

NIAGQL=319VIdYA

NOH ¥0d SOLLSIMALOYIVHD HALNNOONH MVYSHW TYNIWJIHL
18-9 J19vL

B-80



0°08 0°01

0°0L 0°0%
0°00T 0701 1 SLb 0~ 0°09 0701
0°06 00T 1 G757 0- 0°05 0°01
WD 1730 INNOD ANTVA Wwnd 113D
SINADHAd SLNAIDYH]

77870~
LE670~
1374 20 s
TAR
INMOD INTYA

ot ot

F1GYL RONANOIMA

A4INA TYOILGHA OL JONWVISIA
Y1 404 SOILSTUYALOVIVHD YAINNOONA MVSW TYNIWJAL

(1334 00T)

¢8-9 d19VL

0'0p 0701
0°0¢ 0701
0°0C 001
0°0T o001
WND 114D
SINADYAd

68" 1-
[451 30 X
e e~
9876~
INNOD 3ANTYA

— -

NIAQL=TEVIYVA

B-81



0°00T

vIL 9t 1 995°9

6°L9 9'¢ 1 1€°9
T 1T £'v9 9t 1 €E6L°S
T 9se " 11 L'09 9'¢ 1 |21 4
T TLZ 11 T°Ls 9'¢ 1 S8C°p
1 6SL°L 9'¢s 9't 1 901" b
T SEL"L 0°05 9'¢t. 1 SL9°¢t
T 6TV L by 9t 1 89°¢
T 6t L 6°¢y 9t 1 [V
1 S0E°L €6 9t 1 997°¢
INMOD ANTYA WD  T133  INNOD ANTYA

SINADYAd

(1334 00T)

AMINA TYOTIIMAA OL JONWLSIA

L'se 9't
172 9°¢t
9°87 9°¢t
0°6¢ 9°¢
P'iz 9't
6°LT 9't
€hT 9t
L°01T 9°¢
e 9°¢
9't 9'¢
W 1130
SINADIAd

o o et e
hl
~
<
—t
}

NIAQL=3TEVIUYA

AN ¥04 SOILSINALOYHVHD YAINNOONA MVYSW TUNIWYAL

£€8-d J19vYL

B-82



0°t8 T'T 1 c0- 6°1¢ 1T'T 1 L8 1~
o'00T T'T 1 1c 6°69 1’1 1 10~ 80t T'T 1 [
6°86 T'T 1 9sE " 11 g8'r9 T'T 1 SET 0 L6z T 1 197 A0
8°t6 T'T 1 TLT TT L'eg 111 99770~ 9'8¢ T'T 1 LY T~
L°g6e 1T 1 6GL°L 9'¢9 1’ 1 L8 0~ stz Tt 1 €051~
9'66 T'T 1 SELTL S'19 T'T 1 c1e0- b9z 1T't 1 651~
S T'T 1 6TV L v'o9 T°T 1 59¢°0- €St T 1 S6°1-
b'e6e T'T T 6E°L €65 7'¢ T SLET0- v Tt 1 SLS°1-
€°¢t6 T'T 1 SoE“L s Tt 1 9LE" 0~ 1°¢e T°T 1 10971~
[ Y T S S ¢ 995°9 0'9s T'1T 1 LEVO- 0'zz 1T 1 ¢89°1-
106 T'T 1 1€°9 . 6'hs T'T 1 ShT0- 6°0Z T'T 1 STL T~
0°68 T°T 1 €6L°S 8¢S T'T 1T 9p 0 8'6T T'T 1 628 1~
6°tg8 1T'T 1 AT 2 L°gs 1Tt 1 SLY 0~ L°8T T'T 1 58" 1-
8°98 T'T 1 S8C° Y 9°1s T'T 1 50— 9°LT T'T 1 LE6 1~
L°68 1T 1 901"V §'0s T'T 1 [AS M S'9T T'T 1 L1072~
9’8 1T'T 1 SL9°¢t s'6b T'T 1 YA U P'stT T°'T 1 180° ¢~
S'tg 1T'T 1 89°¢ p'gr 1T°1 1 §S°0~ Pt T'T 1 9ce° ¢~
p'eg T 1 pos°e e T 1 9557 0- TET T'T T 29 ¢~
€18 TT 1 99T°¢ T Tt ¢ 9°0- 2T 1T 1 SL8 T~
08 T'T 1 £EC ¢ o'vb T'T 1 90L° 0~ o1t Tt 1 S6°¢-
6L T°¢ T <1070~ 6'¢th T T 1870~ 66 T'T 1 1617 ¢~
6°9L T'T ¢ S¢0°0- Loy 1Lt cT8’0- 8¢ T'T 1 G¢Ue-
Lyl 1Tt 1 LO70- 9'6t T'T 1 S¢8°0- LL vt 1 [A1 30 3
9'tL T'T 1 ST1°0- s'ge 1T 1 29870 9'9 11T 1 9t e~
S'¢L T'T 1 SZ1°0- pee UUTOO1 6°0- $°S 1T'T 1 et~
PIL T'T T LET 0- €98 T°T 1 8¢6°0- vy T'T 1 (41 A 3
£€0L T'T 1 LST1°0- 2°se T°T 1 LE6°0~ €'e 1Tt 1 oL p-
269 T'T 1 SLT°0- e T'T 1 56°0- e Tt 1 SLL b-
89 1’1 1 8LT" 0~ o'ce T'T 1 SL6°0~ T 1t 1 9t "6~
WNO 113D INNOD ANTYA WNO 114D INNOD IANTYA WD TI4D  INNOD ANTYA
SINAIDYEd SINADYAd SINADYId

J19YL AONANOFYA
NIAGL=3TIVIYNVA

(1334 00T)

AYINA TYOILIMAA OL JFONVLSICA
QANIGWOD AN GNY ‘¥ ‘NOH ¥0d SOILSIVALOVIVHD WAINNOONA MWYSH TYNIWIAL

8-49 J19VL

B-83



0°00T 0°0T T 6¢C 0°0L 0°0T 1 0¢ 0°0b 0°0C ¢ 8
0'06 0°0T T 8¢ 0°09 0°0T 1 ST 0'0C 0°01T T L
0°08 00T 1 Le 0°08 0°0T 1 01 0°01T 0°0T T 9
HWNo 1140 INMOD INTYA WD TI3D  JINNOD ANTYA Wno 1730 LNNOD 3NTYA
SINAOYAd SINADYAd SINEDYAd
A1GYL  AONINOTUA
YMWL=AT9YIHVA
(1344 00T)
AANLILTY ONINMYM WOWINIW
Y1 ¥04 SOILSIHALIOVIVHD ¥WAINNOONA MVSH TUNIWIAL
9g-9 FTAVL
8°98 8°¢ 4 01 LTt L°§ £ L
0°001 S°L |4 | A 0°¢€8 L°S £ 6 0°99 0'L1T 6 9
66 L°S € €1 VLl L'S £ 8 16y 1°6v 9¢C b
WNo 17130  INNOD ANTIA WND 1130  INNOD IANTYA WO 7130 INNOD ANTYA
SINIOHAd SILNAOHAd SINADHAd

A19YL AONANOTUA

YMHL=4TaVIYVYA

(1334 00T)
JANLILTY ONINMYM WOWINIW
NOH ¥O4d SOILSIMALOVMVHD HEINNOONZ MYSHW TYNIWMAL
Gg-9 FTAVL

B-84



9'¢6 T'T 1 1¢ '08 0°1T 01 01

6 T'T 1 0¢ 769 vV b 6
0o'00T T'T T 6¢ v'ee T°T 1 ST 8'v3 66 6 8
6'86 1T'1T 1 8¢ €6 bV ¥ [A! 6°VS 66 6 L
g'l6e T'T 1 Lz 6°L8 £t ¢t €1 sy b'ST b1 9
L£'9% 1T'1T 1 134 9'v8 bV ¥ [ L6 L'6T LT 4
WNO 1130 INNOD HANTVA WNO TIZD INNOD 3ANTYA WND 113D INNOD ANTYA
SINADYAd SINADHAd SINADY¥Ad

YMWL=ATEYVIYYA

(1334 00T)
FANLILTY ONINGYM WNWINIW

QANIEWOD AN ANV ‘W1 ‘NOH Y04 SOILSIVALOVMVHD HALNNOONA MYSW TUNIWJAL

88-49 JTAVL
0°00T 9°¢ 1 14 9'8L 0°ST (L 01 L'st 6°LT § L
v'96 9t 1 1C 9'¢s 9°¢ 1 6 6°LT £€°bT b 9
6°76 €'PT ¥ 4! 0°05 €°vl ¥ 8 9t 9t 1 v
WO TIdD  INNOD INTYA WO 114D INNOD 3NTVA WND TI3D  JINNOD ANTYA
SINADHAd SINADHAd SINADYAd

F79YL AONANOFYA

VMWL=3TIVIHVA

(1334 001)
JANLITTV ONINYYM WOWINIW
AN ¥04 SOILSTUALOVIVHD ¥MAINNOONT MYSW TYNIWMAL
L8-9 ATAVL

B-85



.

W A N e e

3
&

o

<

[oa}
ARV ORI

6¢
[ANA4
L°61
T°LT
[ARS!
6°¢C1
8°C1
9° 1
4!
6°11
9°11
INNOD ANTYA

Y= = NN et e e

L°1L 6°1
8°69 6°1
6°L9 8¢t
Tre 61
€79 61
v'09 6°t
§°85 6°1
9°95 6°1
L'vs 6°1
8°¢5 6°1
6°05 6°1
WD 1130
SINIDYAd

1 S°TT
T €Tt
[4 T 11
T 9°01
1 01

T 9'6
1 <'6
T 6°L
T L
1 1°L
1 1°9
INNOD ANTYA

A1EVL AONANOTYS

(SATIW TYOILAUN)

YV WO¥d HONWLSIA
AI0H ¥0d SOLILSIVALOVYVHD YHINNOONA MYSH TYNIWMAL

68-9 AT9VL

16V

976t

voe

e e

.

[ B0 S o e B e B Ve e M) oo Roe)
— NV~ —~mMmmMm

6°T

[4 S°S
4 V'S
T £°g
1 [}
v 1°5
€ S

£ 6°b
13 8'v
S L'y
1 9'b
1 £t
LNNOD 3ANTVA

SI1QYL=3TaVIdYA

B-86



008 0°0T 1 €Tt
0oL 0°0T 1 L6
0°00T 0°0T T T°ve 0°09 00T T £°6
0°06 0°0T T 6°C1 0°0s 0°0T T 8°'8
WD TTI0  INNOD JANTVA WNo TI30 INNOD 3NMIYA
SINADYAd SINADUAd

FTEVL AONANDTUA

(SITIN TYOILUN)
¥Yavd Wodd HAONVISIA

Y1 804 SOILSTHALOVYVHD ¥AILNNOONA MYSW TYNIWYEAL

06—9 J'19VL

0°0b 0°01
0°0e 0°01
0°0Z 0°01
0°0T 0°0T
WO 1130
SIN3DH3d

%Hr—h—c-—t
Q
Q

MO
g&ddﬁ

SIQRIL=TTGVTUVA

B-87



Pl 9°¢ 1 L €68 9°¢ 1 1°¢
0'00T 9°¢g 1 1C 6°L9 9't 1 €9 L°6¢ 1L T 6°2
P96 9°¢ 1 LT €py 9°¢ 1 1°9 982 9'¢ 1 87
6'¢6 9°¢ 1 91 L°09 9°¢ 1 S 0°6z 9'¢ 1 L°C
€68 9t 1 LSt 1°Ls 9'¢ 1 A v-ic 1L T 9°C
L°'sg8 9°¢ 1 S'ET 9°¢g 9'¢ 1 8¢ €yt 9t 1 T
1°28 9°¢ 1 /AR S 0°05 9°¢ T UARY L°0T 9°¢ T 6°1
9°8L 9t 1 9°71 p'oy 9'¢ 1 €'t 'L 9t 1 81
0°G6L 9°¢ 1 6°L 6°¢h 9°¢ 1 '€ 9°¢€ 9°¢ 1 L1
WD 7130 INOOD ANTYA WD TIAD  INNOD ANTYA WO 7130 INNOD ANTVA

SINADYAd SINADYAd SINADYAd
F79YL, AONANDYA
SIMIL=ATaVTHVA

(STTIN TYOILOWN)
VYAV WOMd FONVISIA
AN ¥0d SOILSIMALOVEVHD WALNNOONT MYSW TUNIWJAL
16—9 J19VL

B-88



TABLE B-92

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU, LA, AND NY COMBINED
DISTANCE FROM RADAR
(NAUTICAL MILES)

TRDIS

VARIABLE

FREQUENCY TABLE

PERCENTS PERCENTS
VALUE COUNT CELL

PERCENTS

VALUE COUNT CELL

CUM

73.6

VALUE COUNT CELL

CUM

42.9
2.2 45.1
2.2 47.3
3.3 50.5
1.1 51.6
2.2 53.8

cuM

1.1

1.1

1

11.5

1.1

1

5.2

1 1.1

1.7

78.0
1.1 79.1
3.3 82.4
2.2 84.6
2.2 86.8

3.3 76.9
1.1

3
1 1.1
1

11.6
11.9

12
12.6

5.3
5.4
5.5
5.9
6.1

1.1 2.2
1.1 3.3
1.1 4.4

1.8
1.9

2.2
2.6

B--39

1

6.6
7.7
8.8
12.1

2.2
1.1
1.1
3.3

12.8

2.7
2.8
2.9

2

12.9

54.9
1.1 56.0
1.1 57.1

1.1

6.3

87.9

13.2

1

7.1
7.2
7.4
7.9
8.8

1.1 89.0
1.1 90.1
1.1 91.2
1.1 92.3
1.1 93.4
1.1 94.5
1.1 95.6
1.1 96.7
1.1 97.8
1.1 98.9
1.1 100.0

1

13.4

1.1 13.2
1.1 14.3
2.2 16.5
1.1 17.6
1.1 18.7

1
1

3.1
3.2

13.5

—

1
1

15.7

2.2 60.4
1.1 61.5
1.1 62.6
1.1 63.7

3.3
3.4

16
17.1

1

9.2
9.3

3.8
4.2
4.6
4.7
4.8
4.9

17.2

19.8
1.1 20.9
5.5 26.4
3.3 29.7
3.3 33.0

1.1
4.4
4.4

1
1
1

19.7

—t

9.6

1

21
22.4

1.1 65.9
1.1 67.0
1.1 68.1
2.2 70.3
2.2 72.5

9.7

1
1
2
2

10
10.6

24.1

3

1

29

11.1

37.4

11.3

41.8

5.1



0°00T 6°1
1°86 6°1
7°9 6°1
£ve 6°1
§'C6 671
9°06 6°1
L'88 6°1
8°98 6°1
6°'ve 8°t
1°18 6°1
Z°6L 671
b'LL 8'E
9°EL 6°1
L'IL L°S
WD 1130
SINIADUAd

0°99 6T I v09°8TE

vy 6'T 1 b9T1 81t
T €vhbbe £€°79 8t T 886°L1¢E
1 9697 LCE §°gs 8t € €18°LTE
T p0G°1CE L'ys 6'1 1 STLLTE
T (AT R4S 8°¢s 6T 1 6VG7L1E
T 108°0¢¢ 6°05 6’1 I 19V L1t
1 €LT° 02t 6y 6T 1 L6T LTt
1 26°61¢E ¢y 6°1 1 S19°G1E
1 ¢8h61E €Sy 6T 1 6EV°GTE
14 LOE"6TE p'er 6°T 1 12T pie
1 612°61¢ ST 6T 1 GV6 ETE
T TET 61E 9'6t 6T 1, 990°€1E
[4 696" 81¢ Lte 6't 1 €987 C1E
T 6LL°8BTE 8°6¢ 6T 1 9£8°11¢
£ 169°81¢t o've 6T 1 L87°60¢
INNOD ANTYA WO 1730 INNOD 3NTHA

SINIOHAd

J19¥I, AONANOIYA

YAV WOdA ONIYVHd

(sa=IoAa)

T°2¢ 6°1
70 6°1
£€°8C 6°1
b9z 6°1
S'PT 6°1
9°¢C 6°'1
8°0C 6°1
6°81 6°1
0°LT 671
1°sT 6°'1
¢°ET 8°¢
bp'6e 6°1
S'L 6°1
L's 6°1
8't 6'1
6'T 6°1
WD TIAD
SINADYAd

e 00t
190°70¢
S0C°0ST
99°98

696°C8
98S5°GL
T0E €L
S68°TL
196°69
£07°89
Lz0"89
6£6°L9
boL L9
CTh LY
LS€'99
8vZ b9
INNOD ANTYA

P e R ks R B e I e B B e B A

Y31 =dTaVIUVA

NOH ¥04d SOTISIVALOVIVHD YALNNOONA MYSW TYNIWIAL

£6—d dIdVL

B-90



0°08 0701
0°0L 0°01
0°00T 0°0T T EIXANAR) 0°09 0¢°07
0°06 0°0T T 6£0°GEE 0°05 0701
WNo T30  JINNOD ANTYA W0o TId0
SINIDYAd SINIDYEd

66T 60¢
111760t
[4 2811}
786°962
INNOD ANTNA

—t o~

J7GYL ADNANOTIA

YVO¥d WOdd ONIYYad
Y1 404 SOILSTHHLOVIVHD MAINNOONA MVSH TUNIWMAL

(samyoaa)

p6—d H'1dVL

00y 0701
0°0¢ 0701
0702 0°01
0°0T 0°01
WND T13D
SINIDHAd

SGb 967
€T €L
[443 1}
ShS' 81
INNOD 3NTVA

— ot —

HYIRLL=FTIVIIVA

B-91



0°00T 9°€
b'96 9°¢
6°Ct6 9°t
€°68 9°¢
L°G8 9°t
178 9°¢
9'8L 9°t
0°sL 9°t
WNO TT3D
SINADYAd

p-T1L 9°¢ 1 897°66¢C L'GE 9°¢ 1 20°6S
6°L9 9°¢t 1 878°867 1°2¢ 9°¢ 1 G96°¢9
T L29°LSE £°v9 9°¢t 1 €LLTL6T 9°8¢ 9°¢ 1 Y9 Sh
1 60L°9¢E L°09 9°¢€ T 9.5°66¢ 0°6Z 9°¢t 1 16v°2h
1 L96°G1¢ 1°LS 9°¢ 1 688 111 p'1¢ 9°¢ 1 L8E°9¢
1 p16°90¢ 9°€S 9°¢ 1 TLZ7€0T 6°LT 9°¢ 1 9GT°GE
1 ¢5°20¢ 0°05 9°¢t 1 LTZ 20T £°pT 9°¢ 1 ZS5L°S¢
1 G8°00€ p'9r 9°¢t T v0S° 96 L°0T 9°¢ 1 1LE°0T
1 P97 00t 6°¢v 9°¢t 1 216768 T°L 9°t T £TL°s
T £ 662 £°6E 9°€ T GLT'L8 9°¢ 9°¢ 1 P91 ¢
INNOD ANTVYA WO 7730 INNOD INTYA WD 1730 INNOD dINTYA
SINAJIYAd SINADYAd
FEYL AONANOTYA
WYATLL=3TIVTHYA
(SaFYOH3A)

YYavd WOYA ONIYvAd
AN ¥04d SOILSINALOVYVHO YAILNNOONI MYSW TYNIWJAL
G6—d JTYVL

B-92



0°001
6°86
8°L6
L°96
9°G6
S°v6
b'e6
£°26
Z°16
1°06
0°68
6°L8
8798
9°v8
§'e8
IANA]
08
1°6L
8°GL
L'vL
9T eL
ARVA
69
1°89
0°L9
6°69
8°v9
L"€9
WO

. .

et rd e A o —
L T
L B B B B I e I B

L

St A A NN A AN - O e

At A A A NN A N - N
.

-3
—
jei]
|8}

SINAID¥Ad

LT97LS¢E
ey brE
LT LEE
60L79¢g
6£0°GEE
9s9°Lce
(U E4Y
ST TCE
108°02¢
€Lz oce
¢l6°6TE
28 °61¢E
LOE"61E
617 °61¢E
TET 6TE
55681t
6LL°8T¢E
169°81¢
v09°81¢
v91°81¢
886°L1¢
€18°L1¢E
STARN AL
6VS°LTE
T9p°LTE
L6T LTE
L96°G1¢e
ST9°ST¢e
INNOD INTYA

H-—Ir—O'—OHr—lNN-—OHMHNHHNHHH-—#HHH-—I—O-—!HH

9’79 1T'T 1 6LV STE
S'19 T'T 1 Tei e
b'o9 1T T Sreele
€65 T'T 1 990°€1¢e
'8 T'T 1 €987 71¢
T8 1T'T 1 98" T1¢
0°9 1°1T 1 L8T°60¢
6°'vS T'T 1 661°60¢
8°¢S T'T 1 TT1°60¢
L'zs 1101 b16°90¢
9'1s T'T 1 b S0t

$°08 TT 1 25720t

S'6h T'T 1 58°00¢

P8y 1T°T 1 vL9°00¢E
€Ly T°T T et ooe
a9 TT 1 Evp 667
sy 1°1T 1 897°66C
o'vr 1T 1 8787 86¢
6ty T°T 1 ELLTL6T
g8y 1Tt 1 {86967
Loy 1T 1 SSb 962
9°6t 1T'T 1 9L5°56C
S8 T'T 1 190° 70T
e 1T 1 §0Z°0S1
£°9¢ T°'T 1 688° 111
6 T'T 1 LT 0T
T°ve T°T 1 L1z°zo1
0°et 1T 1 v0S5° 96
WND TI4D  INNOD 3NTYA

SINADYAA

JTGVL ADNANOFUA

YOy WO¥A ONIUYAg

(saago3q)

w
~
o~
— o e -
-

6°0C
L°8T

€ b1

e e s s e e

.

—
o~
—
el R R B R B I B B I e B I e R g N
. .
L R B B B T T T B B B I T R S PR X S N Y

S ANMTDO~ON
AN TN OSO N

=
5]
W)
vl
]
(@]

SLNADYId

16768
SLT L8
99°98

696°28
985°SL
T0E €L
€12 L
5687 1L
196°69
€07°89
LZ0°89
6£6°L9
baL L9
¢Th L9
LSE"99
8bZ v9
20°5S

596°£S
|2 TR
5% 2h
L8g° 9t
9G1°s¢
e ot
5L°82
ShS°81
TLE°0T
€IL"S

bot ¢

LNNOD aNTYA

r—'—-t--i-—dv—dﬂﬂHHHM'—!HHHHHNr—iH—dHH—J-—OH-—QH

UVITLL=3TIVINYA

@INIEWOD AN ANV ‘V1 ‘NOH ¥04 SOILSIMALIVIVHD HAINNOONA MVSW TYNIWJAL

96—9 3I19VYL

B-93



0°00T 6
1°86 6
779 6
€6 6
§'C6 6
9°06 6
L°88 6
8°98 6
6°v8 6°
0°'e8 6
6
6
6
6
6
6

S°SL

LS E8
vriteL
9y €9
SLET9
[A AR
£97°09
9Sh " 65
T€9°LS
L1899
102795
8rZ €S
[452 4 4
ZGETTY
ElANY
6G5°8¢
667" 9t
S9v°be
INNOD ANTYA

o e B B B B e B e e B B B B B B B B |

6°L3 6T 1 691" bE
0°99 6T 1 L66° 0t
e 61T 1 19670t
€79 61 1 60C°6¢
P09 6T 1 6187 €T
s'gs 6T 1 €19°1¢C
9°95 6°T 1 8L5°8T
L°vs 6°T 1 TL8° €T
8°¢s 6T 1 999°¢1
606 6°'1T 1 €L 1Y

T°6r 6T 1 TeL 1t
Ly 6T 1 S89°T1
€6k 6°T 1 T6S 11
ey 6T 1 SPSTTl
St 6°T 1 16711

9'6t 6°1T 1 S9v 11
L'te 6'T T LSP 11
g'st 6'T 1 8Z1 11
WNo 174D  INNOD dNTYA

SINADYAd

J79YI, AONZANOTYA

ONIAYHH TYIAVY WOUd JATONY

fxcictiiac(ed)

. e . [ S
PR T S Y

e S A NNANNNM MM

.

RO NTOINAOCOCARODTMAN O
=D~ O NTODON T
i e, We RWeale ) WeaWeor We We ey We s ea ey logRepfiep oy Je Ro )
2] b d ot ot et e e e e

2

SINADYAd

PR R S e i e B e B B B e B B B ]
u
<r
=r
(o)

JIONVEL=3TdVIIVA

NOH ¥0d SOILSIVALOVYVHO MAINNOONA MVSH TUNIWYLL

L6—9 FTAVL

B-94



0°08 0°0T T1T- 506°LS 0°0p 0701 1 Sty L

0°0L 0°0T T £E8°CE 0’08 00T 1 Log ¢
0°00T 0°0T 1 18€°9L 0°09 00T 1t LS9° LT 0°0Cc 0°0T 1 9°C
0°06 0°0T T e 19 0°05S 0°0T T 906°¥1 0°0T 0'01T 1 905" 1
WND T30 INNOD IANTVA WNo T14D  INNOD INTYA WND 113D  INNOD aNTVA
SINIDYAd SINAOHAd SINIDYAd

A7EVL  ADNANDIRS

JTONVLL=3TaVIYVA

(saauoEa)
ONIAVHEH TYIAVY WO¥Md FTONY
Y1 ¥04 SOILSIYALOVIVHD MAINNOINE MVYSH TYNIWIAL
86—9 HATAVL

B-95



p'IL 9t 1 82T 19 L°SE 9°¢t

6°L9 9t 1 601°19 1°78 9°¢
1 Sh0'¥8 £V 9t 1 SOV 1S 9°87 9°¢
T 658°€8 L'09 9t 1 600" TV 0°'6Z 9°¢t
T TEV 18 T'Ls 9°¢ 1 LEV'EE p°1C 9°¢
T PEB EL 9°¢s 9't 1 VIV ET 6°LT 9°¢t
T LTIT°TL 0°0s 9°¢t 1 STAN X4 €T 9°¢t
T T91°€9 P9y 9°t 1 S€8°8T L°0T 9°¢
1 LLE"TY 6°¢cv 9°t 1 €79°S1 "L 9°¢t
T pLL™T9 €68 9°t 1 8¢St 9°t 9't
INNOD ANTVA WD TIED  INMOD ANTYA WNo  TId0

SINAOUAd SINAOUAL

(SA=IDAA)
ONIQYAH TVIAYY WOHd JTONY
AN ¥Od SOIISIMAILOVMVHD YAINNODNA MWSH TYNIWJIAL
66—9 ATV

60C°5S1
6L8°C1
SLy
861°¢1
689°01
L9001
Lv6°S
LISV
eIV Vv
vS6°t
INNOD ANTYA

e R R R B T B B e B |

FTONVEL=HTEVIUVA

B-96



TABLE B-100

TERMINAL MSAW ENCOUNTER CHARACTERISTICS FOR HOU, LA, AND NY COMBINED

ANGLE FROM RADIAL HEADING

(DEGREES)

VARIABLE=TRANGLE

FREQUENCY TABLE

NONTNWOWEOANAO - NMNMTUOCPONRO~EANMITNONONO
5 s s s e a4 s s e & s 8 & @ b ® 2 2 ® 2 s 2 s ® o e s &
QA OCHNMITNOONOOD = NMNMITUUOMCTNO-SNMTPUOOUDO
\O\D(\(\l‘I\l\PFFFQQQQQQQ@QO\O\@G\O\O\C\O\C\S
Hv—ir-‘r-lHHH-—!HHHHr-l-*-—‘ﬁv—#-—i'—!v—!rlﬁf-iv—iv—ir-lr-iv—dv—ir—!
.
HH-—IHHHHH:—!H-—!HHHHHHH-—!&HHHHHHH&-—*

évam\DK\Q)O\OHNMQ‘U')U’\OI\QG\OHNMV'U"\OFCDO\O
B e s s 8 8 e & e e & & o % B s e e a4 e & & * 8 ® v .

WO ANITNOFOAD AN MTORDNOANM < U~
MMM LT TIITTITIUDNUDN DN WLWWWOOWOOWO
r-4‘—!Hl—'v—lf-l|—lHHHHHF#HHHHHF!HHHP#HF‘HHHHH
HHl—le—ir-lHr-lv-lv—'v—lv—lv—lHHHHI—IHHHH—!HHHHF!H—-!

s
Q
%HHHHHH—-{HHHF!H-—IHPJHHHHHﬁHHHHv—IHHH\—I
(8]

12.879
13.666
13.871
14.906
15.209
15.285
15.623
18.578
18.835
21.613
23.326
23.414
23.879
27.657
29,209
30.961
30.997
32.833

-—QNMVLﬁ\OI\QOﬁOHNmﬁ'm\DI\QO\O-—ONVm\Dt\mG\OH
L I R S e e A R R R
vam\ol\mO\HNMVU’\DFQC\ONMV\OI\QO\OHMV
A A A S-S AN NNNNNMM M ™
v—IHr—iv—Oﬂde—dHHHHHHHHHHH-—!ﬂv—#NHHHl—ll—iv—lr—'
« 0 e
--lv-i—lv—lv—lﬂHHe—IHﬂHHHHHHHHHHHNH-—‘-—-I-—IHP!H

PERCENTS

jes]
o
%Hr—tr—h—h—h—tﬂﬂ—h—h—ir—n—aﬂﬂr—h—n—qﬂﬁﬂ-—H\h—c-—o-—o-—h—h—h—o
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APPENDIX C

CORRELATION COEFFICIENTS

It is recognized that two or more parameters describing an MSAW
encounter may be correlated. That is, the value of one parameter may be
dependent upon the value of another parameter. To illustrate the degree
to which each parameter is correlated with each other parameter, the
correlation coefficient between each combination of parameters is provided
in this Appendix. Tables C-1 through C-4 are for the en route data;
Tables C-5 through C-8 are for the terminal area data. Scenarios
developed using the data provided in this report should include the
effects of all significant correlations.

For each combination of parameters, the Pearson product-moment

correlation and the number of observations upon which it was based are
provided.
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APPENDIX D

MSAW ENCOUNTER DATA BASE

This Appendix contains the values of the parameters identified in
Sections 3 and 4 that describe each MSAW encounter studied for this
report. These data compose the data set from which the statistics of
Sections 3 and 4 and the information provided in Appendices A-C have been
developed. Table D-1 contains the en route data; Table D-2 contains the
terminal data.
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GLOSSARY

Acronyms

AAS Advanced Automation System

ACES Adaptation Controlled Environment System
AP Acquisition Phase

APM Approach Path Monitoring

APW Approach Path Warning

ARTCC Air Route Traffic Control Center

ARTS Automated Radar Terminal system

ATC Air Traffic Control

DART Data Analysis Reduction Tool

DID Data Item Description

EMSAW En Route Minimum Safe Altitude Warning
FAA Federal Aviation Administration

GTM General Terrain Monitoring

GTW General Terrain Warning

HGFA High Gross Filter Altitude

HSP High Speed Printer

ILS Instrument Landing System

MGFA Middle Gross Filter Altitude

MSAW Minimum Safe Altitude Warning

MWA Minimum Warning Altitude

NAS National Airspace System

RSB Radar Sort Box

SAM Satellite Airport Monitoring

SAR System Analysis Recording

S1S System Level Specification

SOW Statement of Work

SUA Special Use Airspace

TRACON Terminal Radar Approach Control Facility
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Abbreviations

APPROACH

CRANGLE

D

DELTALIN

DLIN

DVIN

ft

GRNDSPD

HDGSTAB

HOU

LA

LATSPAN

min

nmi

NY

RANGLE

RBEAR

RDIS

SPDSTAB

STAB

TDVIN

TGRNDSPD

THDGSTAB

EMSAW area approach pattern

Critical lateral angle in degrees (en route)
Kolmogorov - Smirnoff statistic

Lateral distance in EMSAW area in nmi (en route)
Lateral distance to EMSAW area in nmi (en route)
Vertical distance to EMSAW altitude in 100 ft. (en route)
feet

Ground speed in knots (en route)

Heading stability in seconds (en route)

Houston TRACON

Los Angeles TRACON

Lateral span in degrees (en route)

minutes

nautical mile

New York TRACON

Angle from radial heading in degrees (en route)
Bearing from radar in degrees (en route)
Distance from radar in nmi (eun route)

Speed stability in seconds (en route)

Total stability in seconds (en route)

Vertical distance to MSAW altitude in 100 ft. (terminal)
Ground speed in knots (terminal)

Heading stability in seconds (terminal)
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Abbreviations (Concluded)

TMWA

TRANGLE

TRBEAR

TRDIS

TSTAB

TVRTSTAB

TZDOT

VRTSTAB

W

XANGLE

ZAB

2D0T

ZFW

ZNY

Minimum warning altitude (terminal)

Angle from radial heading in degrees (terminal)

Bearing from radar in degrees (terminal)
Distance from radar in nmi (terminal)

Total stability in seconds (terminal)
Vertical stability in seconds (terminal)
Altitude change rate in 100 ft/min (terminal)
Vertical stability in seconds (en route)
Shapiro - Wilk statistic

Lateral crossing angle in degrees (en route)
Albuquerque Center

Altitude change rate in 100 ft/min

Fort Worth Center

New York Center
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